COKRECTED 
VERSION* 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Iniemational Bureau 



PCX 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TR EATY (PCT) 

WO 99/33859 

8 July 1999 (08.07.99) 



(51) International Patent Classification ^ 
C07J 41/00, 43/00, 4V00 



(11) international Publication Number: 
(43) International Publication Date: 



(21) International Application Number: 

(22) International Filing Date: 23 



(30) Priority Data: 
08/998.877 



PCT/US98/27406 
1998 (23.12.98) 



24 December 1997 (24.12.97) US 



(71) Applicant: SRI INTERNATIONAL [USAJS]; 333 

Ravenswood Avenue, Menlo Park, CA 94025 (US). 

(72) Inventors: TANABE, Masato; 972 Moreno, Palo Alto CA 

94303 (US). PETERS. Richard. H.; 365 Springparlc Circle 
San Jose. CA 95136 (US). CHAD, Wan-Ru; 1510 Oriole 
Avenue. Sunnyvale. CA 94087 (US). JONG, Ling; 681 
Endicott Drive, Sunnyvale. CA 94087 (US). 

(74) Agents: REED. Diannc, E. ct al.; Reed & Associates. 3282 
Alpine Road, Portola Valley, CA 94028 (US). 



(81) Designated States: AL. AM. AT. AU. AZ, BA BB BG BR 
BY. CA. CH. CN. CU. C2; DE, DK. EE. ES. Fl' Gb' GE.' 
GH, GM, HR, HU, ID, IL. IN. IS, JP. KE. KG Kp' KR 
KZ. LC. LK, LR, LS, LT. LU. LV, MD, MG. MK.'mN." 
MW. MX, NO, NZ. PL, PT. RO, RU. SD. SE. SG SI SK 
SL, TJ. TM. TR, TT, UA, UG. UZ, VN. YU. Zw' ARIPO 
patent (GH, GM. KE. LS. MW. SD. SZ. UG. ZW). Eurasian 
patent (AM. AZ. BY. KG. KZ, MD. RU. TJ. TM). European 
patent (AT. BE. CH. CY. DE. DK. ES. FI. FR. GB. GR 
IE. IT. LU. MC. NL. PT. SE). OAPI patent (BF. BJ. CF* 
CG. CI. CM. GA. GN. GW. ML. MR. NE. SN. TD TG) ' 



Published 

Without international search report 
upon receipt of that report. 



and to be republished 



(54) Title: NOVEL ANTl-ESTT<OGENIC STEROIDS. AND ASSOCIATED PHARMACEUTICAL COMPOSITIONS AND METHODS 




1 1 1 



li 



i i I 

lit 
i 



Effect of Compounds fiS and 32 on trabecular density 
in ovariectomized rats after treatment for 26 days. 

«.«•) P«0.05. 0.01 («s OWC) -.-) P<P<0.05. 0.01 (vs Sham) 

(57) Abstract 



♦(Referred to in PCT Gazelle No. 38/1999, Section II) 

KX:iD: <WO 99338S9A2 IA> 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify Slates party to the PCT on the frmit pages of pamphlets publishing intemattonal applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 




. SI 


Slovenia 


AM 


Aimenia 


Fl 


Fmland 


LT 




SK 


Slovakia 


AT 




FR 




IM 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 




LV 


LMvia 


SZ 


Swaaland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TO 


Chad 


BA 


Bosnia and Herzegovina 
Barbados 


GE 


Georgia 


MD 


Republic of Moldova 


TO 


Togo 


BB 


GH 




MG 




TJ 


Tajikiaan 


BE 


Belgium 
Burkina Faso 


GN 




MK 


The foimer- Yugoslav 


'm 


Turkmenistan 
Turkey 


BF 


GR 






Republic of Macedonia 


TR 


BG 


Bulgaria 


HU 




ML 


Mali 


irr 

UA 


Trinidad and Tob 


BJ 
BK 




IE 




MN 


Mongolia 


Ukraine 




IL 


UracI 


MR 




UG 


Uganda 


BY 




IS 


Iceland 


MW 


Malawi 


US 


United Slates of 


CA 




IT 


Italy 


MX 




MZ 


Uzbekistan 


CF 


Central African Republic 


JP 




NE 


Niger 


VN 
YU 


Viet Nam 


CG 


Congo 


KE 


K^a 


NL 


Netherlands 


Yugoslavia 


CH 


Switzerland 


KG 


Kyigyzslan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


COce d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 




KR 


Republic of Korea 


PT 








cu 


Cuba 


KZ 


Kazakstan 


RO 








cz 

DE 


Czech Republic 
Gcimany 


LC 
IJ 


Saint Lucia 
Liechienslein 


RU 
SD 


Russian Federation 






DK 
EE 


Estonia 


LK 
LK 


Sri Lanka 
Liberia 


SE 
SO 









wo 99/33859 



PCT/US98/27406 



NOVEL ANTI-ESTROGENIC STEROIDS, AND ASSOCIATED 
PHARMACEUTICAL COMPOSITIONS AND METHODS OF USE 



5 TFrHNTCAL FIELD 

The present invention relates generally to steroid hormones, and more specifically 
relates to novel steroids which are useful as anti-estrogenic agents. The invention 
additionally relates to methods for treating various disorders using the novel compounds, 
particularly conditions or diseases that are estrogen-dependent, i.e., are estrogen-induced 
10 or estrogen-stimulated, and to pharmaceutical compositions containing one or more of the 
novel compounds. 

RArKGROUND 

Breast cancer is one of the most prevalent types of cancer, and epidemiological 
15 and clinical studies have shown that approximately one-third of breast tumors are 

estrogen-dependent. This means that estrogens are required for the growth of such breast 
tumors in both premenopausal and postmenopausal patients. In postmenopausal women, 
in whom breast cancer most commonly occurs, breast tumor concentrations of estrone and 
estradiol are considerably higher than blood estrogen levels. Although retention of 
20 estrogens in breast tumors by high-afRnity binding proteins contributes to the level of 

estrogens in tumors, estrogen concentrations in the breast are higher than plasma levels in 
breast cancer patients regardless of whether their tumors are estrogen receptor-positive 
(ER+) or receptor-negative (ER-). In sUu formation of estrogen from estrogen 
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biosynthetic precursors within tumors is now known to make a major contribution to the 
estrogen content of breast tumors. 

Numerous other estrogen-dependent conditions, disorders and diseases have been 
identified as well, including, but not limited to, ovarian, uterine and pancreatic cancers, 
5 galactorrhea, McCune-Albright syndrome, benign breast disease, and endometrioas. 

Estrogenic effects are mediated by specific receptors located in the nucleus of 
estrogen-responsive cells. The receptor contains a hormone binding domain for binding 
estrogen, transcription activating domains, and a DNA binding domain. The binding of 
the receptor-hormone complex to estrogen response elements (ERE's) in the DNA of 
10 target genes is necessary for regulating gene transcription. 

Drugs that competitively block estrogen binding to its receptor, termed anti- 
estrogens, are capable of inhibiting the stimulatory effects of the hormone on cell 
proliferation and are therefore useful in the clinical treatment of breast cancer. Clinically, 
estrogen receptor-positive tumors respond with a higher firequency to anti-estrogens than 
15 do tumors lacking a significant level of receptors. 

Anti-estrogenic drugs fall into two chemical classes: nonsteroidal and steroidal. 
The nonsteroidal anti-estrogen tamoxifen (Nolvadex®) has been used aj; an adjunctive 
treatment for breast cancer following chemotherapy or radiation therapy. However, 
tamoxifen itself exhibits estrogenic activity in reproductive tissue, resuking in an increased 
20 risk of endometrial cancer and possible recurrence of breast cancer after long-term 
therapy. Furthermore, tamoxifen behaves only as a partial agonist in the uterus. 

To date, little work has been done in the development of selective competitive 
antagonists of estrogen. Several steroidal anti-estrogens have been synthesized which lack 
estrogenic activity. Included among these are ICI 164,384. ICI 182,780 and RU 58668. 
25 See, e.g.: Wakeling et al. J. Steroid Biochem. 21:645-653 (1988), which pertains to ICI 
164.384; Wakeling et al.. Cancer Res. 11:3867-3873 (1991). and Wakeling et al., J. 
Steroid Biochem. Molec. Biol il J^ 1-774 (1990). which pertain to ICI 182,780; and Van 
de Velde et al., Ann. N.Y. Acad Sci. 261:164-175 (1995). Van de Velde et al.. Pathol. 
Biol. 42:30 (1994), and Nique et al.. Drugs Future 22:362-366 (1995), which relate to 
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RU 58668. Unfortunately, these drugs are not orally active and must be administered in 
high doses intramuscularly. Furthermore, the manufacture of these drugs is laborious, 
requiring a complicated, 14-16 step synthesis Avith very low overall yields. Potent 
steroidal anti-estrogens that are orally active have not yet been developed or 
5 commercialized, although the nonsteroidal mixed agonist/antagonist "raloxifene" is 
currently available. 

Accordingly, the present invention is directed to novel steroidal agents that are 
extremely effective anti-estrogenic agents, i.e., are potent antagonists of estrogen in breast 
and/or uterine tissue. The invention thus represents a significant advance in the art, 

10 particularly in the treatment of breast cancer and other diseases and conditions that are 
potentiated by the presence of estrogens. 

Significantly, a number of the compounds of the invention that are potent, orally 
active agents, display tissue-selective pharmacology. That is, the compounds are useful as 
tissue-selective estrogen agonists/antagonists, also termed "Selective Estrogen Receptor 

15 Modulators" or "SERMs." SERMs produce beneficial estrogen-like effects in some 
respects, notably on bone and lipid metabolism, while nevertheless acting as estrogen 
antagonists in the breaist and/or uterus. .The SERM profile may be distinguished from that 
of a pure estrogen such as 17p-estradiol, which behaves as an estrogen agonist in all 
tissues, and from that of a pure anti-estrogen, which exhibits an estrogen antagonist profile 

20 in all tissue types. 

The following references pertsun to one or more aspects of the invention and as 
such may be of background interest to those skilled in the art: U.S. Patent No. 2,840,581 
to Hogg et al., which describes estradiol derivatives substituted at the 17-position with 
=CH-CH2bH and having estradiol-like activity; U.S. Patent No. 3,536,703 to Colton et 

25 a!., which describes antimicrobial estradiol derivatives substituted at C-3 with methoxy, 

and at C- 17 with various groups, including =C-CH2.NR3* (wherein R is hydrogen or lower 
alkyl or wherein two R groups form a cyclic structure); U.S. Patent No. 3,716,530 to 
Krubiner et al.; which describes steroids containing various substituents at the C-I7 
position, including an estradiol derivative substituted at C- 1 7 with =CH-CH2X, wherein X 
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is halogen (stated to be useful as an intermediate in the synthesis of progestational 
compounds and antifungal agents); Blickenstaff et al.. Steroids (4,5): 889-902 (1985), 
which relates to estradiol derivatives having substituents at the 16-position bound to the 
steroid nucleus through a double bond, synthesized as part of a search for novel anti- 
5 cancer agents; French Patent No. 1,453,210, which shows estradiol analogs substituted at 
the 17P-position with -CH(CH3)-0-(CH2)2NR'R", wherein R' and R" may be alkyl or 
aralkyl; French Special Patent for Medications No. M303 1, which relates to the synthens 
of 3-hydroxy-20a-dimethylaminoethoxy-19-norpregna-l,3,5(10)-triene; and Qian et al.,.Z 
Steroid Biochem. 29(6):6S7-664 (1988), which evaluates the correlation between 

10 substitution at the 17-position of estradiol and possible anti-estrogenic activity, and 

describes estradiol analogs substituted at the 17P-position with -0-(CH2)2-NR,R2» wherein 
R, and Rj are methyl, ethyl, cyclopentyl, cyclohexyl, or tetrahydropyranyl (none of the 
compounds were found to have anti-estrogenic activity). 

In addition, the following references discuss tissue-selective anti-estrogens, or 

15 SERMs, and as such may be of interest with respect to the present invention as well: 
Grese et al. (1998), "Synthesis and Pharmacology of Conformationally Restricted 
Raloxifene Analogues: Highly Potent Selective Estrogen Receptor Modulators." J. Med 
Chem. 11:1272-1283; Bryant et al. (1998), "Selective Estrogen Receptor Modulators: An 
Alternative to Hormone Replacement Therapy," J. Soc. for Exper. Biol and Medicine, 

20 pp. 45-52; Ke et al. ( 1 998), "Effects of CP-336, 1 56, a New, Nonsteroidal Estrogen 

Agonist/Antagonist, on Bone, Serum Cholesterol, Uterus and Body Composition in Rat 
Models," Endocrinology U3.(4y.206Z-2016\ and Kaufltman et al. (1997), 
"Hypocholesterolemic Activity of Raloxifene (LY139481): Pharmacological 
Characterization as a Selective Estrogen Receptor Modulator," J. Pharmacol. 

25 Eicperimental Therap, 2SQ(1): 146-153. Reference may also be had to U.S. Patent Nos. 

5,447,941 to Zuckerman, 5,510,370 to Hock, 5,552,416 to Keohane, 5,578,613 to Bryant 
et al., 5,578,614 to Bryant et al.. 5,593,987 to Cullinan et al.. 5i610.167 to CuUinan. 
5,641,790 to Draper, 5,646.137 to Black et al.. 5,663,184 to Bryant et al., and 5,719,165 
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to Dodge, each of which pertains to different uses of tissue-selective anti-estrogens, 
particularly raloxifene. 

No art of which applicants are aware, however, describes compounds as provided 
herein. To the best of applicants' knowledge, the compounds and methods of the 
invention are previously unknown and completely unsuggested by the art. 

DISCLOSURE OF THE INVENTION 

Accordingly, it is a primary object of the invention to address the above-mentioned 
need in the art by providing novel steroid compounds useful as anti-estrogenic agents. 

It is another object of the invention to pro>ade novel compounds that are anti- 
estrogenic and have reduced estrogenic acti\aty as may be determined by the degree of 
inhibition and degree of stimulation, respectively, of estradiol-induced alkaline 
phosphatase activity in human Ishikawa cells.. 

It is an additional object of the invention to provide such comppunds which have 
substantially no estrogenic activity as may be determined by the aforementioned test. 

It is still another object of the invention to provide such compounds in the form of 
steroidal active agents having a 1,3,5-estratriene nucleus that are preferably "17-desoxy." 

It is yet another object of the invention to provide a method for treating an 
individual with a disorder that is estrogen-dependent, i.e., an estrogen-induced or 
estrogen-stimulated condition or disease, by administering to the individual a 
therapeutically effective amount of an anti-estrogenic compound as provided herein, or a 
pharmaceutically acceptable salt thereof. 

It is a further object of the invention to provide a pharmaceutical composition for 
treating an individual with a disorder that is estrogen-dependent, the composition 
comprising a therapeutically effective amount of a novel compound as provided herein or 
a pheuroaceutically acceptable salt or ester thereof. 

Additional objects, advantages and novel features of the invention will be set forth 
in part in the description which follows, and in part will become apparent to those skilled 
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in the art upon examination of the following, or may be learned by practice of the 
invention. 

In one embodiment, then, the invention relates to novel compounds having anti- 
estrogenic activity and reduced estrogenic activity as determined by the degree of 
5 inhibition and degree of stimulation, respectively, of estradiol-induced alkaline 

phosphatase activity in human Ishikawa cells. Preferred compounds of the invention have 
a 1,3,5-estratriene nucleus, and are substituted at either the C-17 position or the C-1 1 
position with a molecular moiety which renders the compounds efifective to competitively 
block the bindiog of estrogen to its receptor. Of these, the more prefeired compounds are 
10 "17-desojQr," i.e., there is no oxygen atom bound directly to the C-17 position. Such 
compounds are encompassed, for example, by the generic structures of Formula (I) and 
(m) herein. 

The preferred anti-estrogenic compounds of the invention are exemplified by 
Formula (I), Formula (II) and Formula (HI), as follows: 



(D 

20 




In Formula (I), 

25 R is selected from the group consisting of C and N, and, when R is C, is in either 

the E or Z configuration; 

rl and r2 are optional double bonds; 

X is hydrocarbyl. generally including at least one oxygen atom, sulfur atom, and/or 
lutrogen atom in the form of an -0-, -S-. -NH- or -N(alkyl)- linkage, and optionally 
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containing additional substituents and functional groups such as hydroxy!, oxo, alkoxy, 
amino, alkyl-substituted amino, halogeno, aryl, heteroaryl, heterocycloalkyl, or the like; 

X* is hydrogen or hydrocarbyl, generally including at least one oxygen atom, sulfur 
atom, and/or nitrogen atom in the form of an -0-, -S-, -NH- or -N(alkyl)- linkage, and, as 
for X, optionally including additional substituents and fiinctional groups, or 

X and X* may be linked to form a heterocyclic ring, typically a six- to eight- 
membered heterocycloalkyl ring containing one to four, typically two to three heteroatoms 
selected from the group consisting of nitrogen, oxygen and sulfur; 

when r2 is present, R' is CR"R'^ wherein R" and R"are hydrogen or lower alkyl, 
and when x2 is not present, R' is hydrogen, alkyl, or halogen; 

R^ is selected from the group consisting of hydrogen, hydroxyl, alkyl, alkenyl, aiyl, 
alkaryl, -ONOj, -OR" and -SR" wherein R" is alkyl, acyl or aryl; 

R' is selected fi-om the group consisting of hydrogen, hydroxyl, halogen, alkyl, 
alkenyl, aryl, alkaryl, cyano, -OR" and -SR" wherein R" is as defined previously; 

R* is hydrogen or lower alkyl; 

R' is selected from the group coh«sting of hydrogen, lower alkoxy, halogen, 
cyano, -CH2CH=CH2, -CHO, -NR"R" and -(CHj)NR'*R" wherein R" and R" may be 
the same or diflferent and are either hydrogen or alkyl, or together form a five- or six- 
membered cycloalkyl group optionally containing an additional nitrogen heteroatom; 

R' is selected from the group consisting of hydrogen, alkyl, acyl, -C(0)-aTyl, 
-C(0)-alkyl and -SOjNH,; 

R"' is selected from the group consisting of hydrogen, halogen, -NO2, -CHO, 
-CH2CH=CH2,-NR"R" and -CH2NR'*R" wherein R" and R" may the same or different 
and are hydrogen, alkyl or acetyl; 

R' is selected from the group con^sting of hydrogen, hydroxyl, -OR" and -SR" 
wherein R" is alkyl, acyl or aryl; 

R' is hydrogen or alkyl, with the proviso that when R is N, R* is not present; and 

R'** is methyl or ethyl. 
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In another embodiment, the invention relates to novel compounds having the 
structure of Fonnula (E) 




rl, r2, R, K\ R', R*, R', R*, R^ R', R', R'°, X and X' are as deiSned above; and 
R" and R* are independently selected from the group consisting of hydrogen, 
hydroxyl, alkyl, alkenyl, alkynyl, alkoxy, and halogen, or R" and R^ together form =0. 
15 In a further embodiment, the invention relates to novel compounds having the 



structure of Formula (111) 




m is an integer in the range of 0 to 6 inclusive; 
n is 0 or 1 ; 

R^' is hydrocarbyl including at least one oxygen atom, sulfur atom, and/or nitrogen 
atom in the form of an -0-, -S-, -NH- or -N(alkyl)- linkage, and optionally including 



wo 99/33859 



PCT/US98/27406 



additional substituents and functional groups such as hydroxyl, oxo, alkoxy, amino, allcyl- 
substituted amino, halogeno, aryl, heteroaryl, heterocycloalkyl, or the like; 

is hydrogen or alkyl, or, when m is 0, R^* and R^ may be linked to form a five- 
or six-membered cydic structure which may or may not be aromatic, containing 0 to 3 
5 heteroatoms selected from the group consisting of N, O and S, and substituted with 0 to 4 
substituents selected from the group consisting of alkyl, alkenyl, alkynyl, alkoxy. 
-C(0)-alkyl, -C(0)-0-alkyl, -0-(CO)-alkyl, -C(0)-aryl, hydroxyl, carboxyl, halogen, 
nitrile, nitrate and fluorinated alkyl; 

R^ is hydrogen or lower alkyl; and 
10 R^* and R^' arc both hydrogen or are both methylene bound to each other through 

a single covalent bond. 

Each of Formula (I), (11) and (III) is intended to encompass pharmaceutically 
acceptable salts, esters, amides, prodrugs, and other analogs and derivatives of the 
compounds shown. 

15 In another embodiment, the invention relates to pharmaceutical compositions 

containing, in combination, a pharmaceutically acceptable carrier and an anti-estrogenic 
compound of the invention, i.e., an agent that is anti-estrogenic but has reduced estrogenic 
activity as may be determined by the degree of inhibition and degree of stimulation, 
respectively, of estradiol-induced alkaline phosphatase activity in human Ishikawa cells. 

20 Preferred such compounds are steroids having a 1,3,5-cstratriene nucleus that are 17- 
desoxy, and particularly prefored compounds have the side chain -(CH2)„-CHR^*R^ at 
the 17-position, as shown in structural formula (IH), with m, R'* and R" as defined above. 
Typically, the pharmaceutical compositions containing as the active agent a compound 
defined by structural formula (I), (H) or (III). 

25 In an additional embodiment, the invention relates to methods of using the novel 

compounds as anti-estrogenic agents. The novel anti-estrogenic compounds find utility in 
treating individuals with disorders that are estrogen-dependent, i.e., conditions or diseases 
that are estrogen-induced or estrogen- stimulated. Important examples of such a use 
include treatment of breast, uterine, ovarian and pancreatic cancers. The compounds may 
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a]so be used in methods of treating certain conditions and disorders that are not estrogen- 
dependent, e.g., non-estrogen-dependent cancers, and particularly cancers which are 
multiple drug-resistant. 

In a further embodiment, the invention relates to methods for uang the compounds 
of the invoition as tissue-selective anti-estrogenic agents, i.e., as "SERMs,** to treat or 
prevent breast disorders, to increase bone mass and/or inhibit bone loss, to lower serum 
cholesterol, and the like. 

BRIEF DESCRIPTTON OF THE FTGTTRFS 
Fig. 1 illustrates in graph form the effect of two representative compounds of the 
invention on trabecular bone density in ovariectomized rats, as evaluated in Example 42 
herein. 

Fig. 2 illustrates in graph form the effect of two representative compounds of the 
invention on urine levels of pyridinoline and deoxypyridinoline in ovariectomized rats, as 
evaluated in Example 42 herein. 

Fig. 3 illustrates in graph form the effective of two representative compounds of 
the invention on serum levels of alkaline phosphatase in ovariectomized rats, as evaluated 
in Example 42 herein. 

MOPES FOR, C ARRYTNC7 OUT THE TNVENTTQH 

Definitions and Nomenclature: 

Before the present compounds, compositions and methods are disclosed and 
described, it is to be understood that this invention is not limited to specific reagents or 
reaction conditions, specific pharmaceutical carriers, or to particular administration 
regimens, as such may, of course, vary. It is also to be understood that the terminology 
used herein is for the purpose of describing particular embodiments only and is not 
intended to be limiting. 
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lt must be noted that, as used in the specification and the appended claims, the 
singular forms "a," "an" and "the" include plural referents unless the context clearly 
dictates otherwise. Thus, for example, reference to "an anti-estrogenic agent" includes 
mixtures of anti-estrogenic agents, reference to "a pharmaceutical carrier" includes 
mixtures of two or more such carriers, and the like. 

In this specification and in the clums which follow, reference will be made to a 
number of terms which shall be defined to have the follo>^g meanings: 

The term "alkyl" as used herein refers to a branched or unbranched saturated 
hydrocarbon group of 1 to 24 carbon atoms, such as methyl, ethyl, w-propyl, isopropyl, w- 
butyl, isobutyl, r-butyl, octyl, decyl, tetradecyl, hexadecyl, eicosyl, tetracosyl and the like, 
as well as cycloalkyl groups such as cydopentyl, cyclohexyl and the like. The term "lower 
alkyl" intends an alkyl group of one to six carbon atoms, preferably one to four carbon 
atoms. The term "cycloalkyl" as used herein refers to a cyclic hydrocarbon of fi^om 3 to 8 
carbon atoms, such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and 
cyclooctyl. 

The term "alkenyl" as used herein refers to a branched or unbranched hydrocarbon 
group of 2 to 24 carbon atoms containing at least one double bond, such as ethenyl, n- 
propenyl, isopropenyl, w-butenyl, isobutenyl, octenyl, decenyl, tetradecenyl, hexadecenyl, 
eicosenyl, tetracosenyl, and the like. Preferred alkenyl groups herein contain 2 to 12 
carbon atoms. The term "lower alkenyl" intends an alkenyl group of two to six carbon 
atoms, preferably two to four carbon atoms. The term "cycloalkenyt" intends a cyclic 
alkenyl group of three to eight, preferably five or sbc, carbon atoms. 

The term "alkynyl" as used herein refers to a branched or unbranched hydrocarbon 
group of 2 to 24 carbon atoms containing at least one triple bond, such as ethynyl, n- 
propynyl, isopropynyl, w-butynyl, isobutynyl, octynyl, decynyl, and the like. Preferred 
alkynyl groups herein contain 2 to 12 carbon atoms. The term "lower alkynyl" intends an 
alkynyl group of two to six carbon atoms, preferably two to four carbon atoms. 

The term "alkylene" as used herein refers to a difunctional branched or unbranched 
saturated hydrocarbon group of 1 to 24 carbon atoms, such as methylene, ethylene, n- 
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propylene, n-butylene, n-hexylene, dccylene, tetradecylene, hexadecylene, and the like. 
The tenn "lower alkylene" refers to an alkylene group of one to six carbon atoms, 
preferably one to four carbon atoms. 

The term "alkenylene" as used herein refers to a difunctional branched or 
5 unbranched hydrocarbon group of 2 to 24 carbon atoms containing at least one double 
bond, such as ethenylene, w-propenylene, n-butenylene, w-hexenylene, land the like. The 
term "lower alkenylene" refers to an alkylene group of two to sbc carbon atoms, preferably 
two to four carbon atoms. 

The term "alkoxy" as used herein intends an alky! group bound through a single, 
10 terminal ether linkage; that is, an "alkoxy" group may be defined as -O -alkyl where alkyl is 
as defined above. A "lower alkoxy" group intends an alkoxy group containing one to sbc, 
more preferably one to four, carbon atoms. 

The term "acyl" is used in its conventional sense to refer to a stibstituent 
alkyl-C-(0> wherein alkyl is as defined above. The term "lower acyl" refers to an acyl 
15 group wherein the alkyl moiety of the group contains one to six, more preferably one to 
four, carbon atoms. 

The term "aryl" as used herein, and unless otherwise specified, refers to an 
aromatic species containing 1 to 3 aromatic rings, either fiised or linke(i, and either 
unsubstituted or substituted with 1 or more substituents typically selecl:ed fi-om the group 
20 consisting of lower alkyl, lower alkojcy, halogep. and the like. Preferred aryl substituents 
contain 1 aromatic ring or 2 fused or linked aromatic rings. The term "arylenc" refers to a 
difunctional aromatic species containing 1 to 3 aromatic rings substituted with 1 or more 
substituents as above. Preferred arylene substituents contain 1 aromatic ring (e.g., 
phenylene) or 2 fused or linked aromatic rings (e.g., biphenylylene). 
25 The term "aralkyl" refers to an aryl group with an alkyl substituent. The term 

"aralkylene" refers to an arylene group with an alky! substituent. 

The term "alkaryl" refers to an alkyl group that has an aryl substituent. The term 
"alkarylene" refers to an alkylene group that has an aryl substituent. 
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The term "heterocyclic" refers to a five- or six-membjered monocyclic structure or 
to an eight- to eleven-membered bicyclic heterocycle. The "heterocyclic" substituents 
herein may or may not be aromatic, i.e., they may be either heteroaiyl or heterocycloalkyl. 
Each heterocycle consists of carbon atoms and from one to three, typically one or two, 
heteroatoms selected from the group consisting of nitrogen, oxygen and sulfur, typically 
nitrogen and/or oxygen. 

The terms "halo" and "halogen" are used in the conventional sense to refer to a 
chloro, bromo, fluoro or iodo substituent. The terms "haloalkyl," "haloalkenyl" or 
"haloalkynyl" (or "halogenated alkyi," "halogenated alkenyl," or "halogenated alkynyl") 
refers to an alkyl, alkenyl or alkynyl group, respectively, in which at least one of the 
hydrogen atoms in the group has been replaced with a halogen atom. 

The term "hydrocarbyl" is used in its conventional sense to refer to a hydrocarbon 
group containing carbon and hydrogen, and may be aliphatic, alicyclic or aromatic, or may 
contain a combination of aliphatic, alicyclic and/or aromatic moieties. Aliphatic and 
alicyclic hydrocarbyl may be saturated or they may contain one or more unsaturated 
bonds, typically double bonds. The hydrocarbyl substituents herein generally contain 1 to 
24 carbon atoms, more typically 1 to 12 carbon atoms, and may be substituted with 
various substituents and functional groups, or may be modified so as to contain ether, 
thioether, -NH-, -MR, -C(0)-, -C(0)-0- and/or other linkages. 

"Optional" or "optionally" means that the subsequently described circumstance 
may or may not occur, so that the description includes instances where the circumstance 
occurs and instances where it does not. For example, the phrase "optionally substituted" 
means that a non-hydrogen substituent may or may not be present, and, thus, the 
description includes structures wherein a non-hydrogen substituent is present and 
structures wherein a non-hydrogen substituent is not present. Similariy, the phrase an 
"optionally present" double bond as indicated by a dotted line ~— in the chenriical 
formulae herein means that a double bond may or may not be present, and, if absent, a 
single bond is indicated. 
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The terms "treating** and ''treatment'* as used herein refer to reduction in 
severity and/or frequency of symptoms, elimination of sjmiptoms and/or underlying caus^ 
prevention of the occurrence of symptoms and/or their underlying cause, and improvement 
or remediaton of damage. Thus, for example, the present method of "treating" an 
5 estrogen-dependent disorder, as the term is used herein, encompasses both prevention of 
the disorder and treatment of the disorder in a clinically symptomatic individual. 

By the terms "effective amount" or "pharmaceutically effective amount" or "an 
effective anti-estrogenic amount" of an agent as provided herein are meant a nontoxic but 
sufficient amount of the agent to provide the desired prophylactic or th erapeutic effect. 

10 As will be pointed out below, the exact amount required a^II vary from subject to subject, 
depending on the species, age, and general condition of the subject, the severity of the 
condition being treated, and the particular anti-estrogenic agent and mode of administra- 
tion, and the like. Thus, it is not possible to specify an exact "effective amount." 
However, an appropriate "effective" amount in any individual case may be determined by 

15 one of ordinary skill in the art using only routine experimentation. 

By "pharmaceutically acceptable carrier" is meant a material which is not 
biologically or othervsHse undesirable, i.e., the material may be administered to an 
individual along with the selected anti-estrogenic agent without causing any undesirable 
biological effects or interacting in a deleterious manner with any of the other components 

20 of the phanriaceutical composition in which it is contained. Similarly, a "pharmaceutically 
acceptable" salt or a "pharmaceutically acceptable" ester of a novel compound as provided 
herein is a salt or ester which is not biologically or otherwise undesirable. 

• By "anti-estrogenic" as used herein is meant a compound M^ch tends to inhibit the 
in situ production of estrogens such as estradiol, following administration to a mammalian 

25 individual. While not wishing to be bound by theory, the inventors herein believe that the 
compounds of the invention are anti-estrogenic in nature by virtue of competitively 
blocking the binding of estrogen to its receptor, particularly in breast and uterine tissue. 
Anti-estrogenic activity can be evaluated in terms of inhibition of estradiol-induced 
alkaline phosphatase activity in human Ishikawa cells using, for example, the procedures 
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described in Example 40 herein. Typically, the novel anti-estrogenic agents inhibit 10"^ 
estradiol-stimulated alkaline phosphatase activity by at least 30%, preferably by at least 
about 45%, more preferably by at least about 75%, and most preferably by at least about 
90%. 

By having "substantially no estrogenic activity" as used herdn is meant a 
compound which has less than ^>out 5%, preferably less than about 2%, of the estrogenic 
activity of estradiol (as may be determined, for example, using the procedures described in 
Example 40). The term "reduced estrogenic activity" refers to a compound that has 60% 
or less of the estrogenic activity of estradiol. 

The term "tissue sdective" as used herein refer to compounds of the invention that 
act as SERMs, in that they are anti-estrogenic in reproductive tissue, particularly in breast 
and/or uterine tissue, have reduced or substantially no estrogenic activity in reproductive 
tissue, but produce beneficial estrogen-like effects in other respects, including, but not 
limited to, bone and lipid metabolism. That is, such compounds act as estrogen agonists on 
bone and cholesterol metabolism. 

18 

2 
3 

In describing the location of groups and substituents, the above numbering systems 
will be employed, to conform the numbering of the cyclopentanophenanthrene nucleus to 
the convention used by the lUPAC or Chemical Abstracts Service. The term "steroid" as 
used herein is intended to mean compounds having the aforementioned 
cyclopentanophenanthrene nucleus. 

In these structures, the use of bold and dashed lines to denote particular 
conformation of groups again follows the FLIP AC steroid-naming convention. The 
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symbols "a" and "P" indicate the specific stereochemical configuration of a substituent at 
an asymmetric carbon atom in a chemical structure as drawn. Thus "a," denoted by a 
broken line, indicates that the group in question is below the general pkme of the molecule 
as drawn, and "p," denoted by a bold line, indicates that the group at the position in 
5 question is above the general plane of the molecule as drawn. 

In addition, the five- and six-membered rings of the steroid molecule are often 
designated A, B, C and D as shown. 

The Novel Compounds: 

10 The novel compounds provided herein are anti-estrogenic agents that have both 

anti-estrogenic activity and reduced estrogenic activity, as may be determined by the 
degree of inhibition and degree of stimulation, respectively, of estradiol-induced alkaline 
phosphatase activity in human Ishikawa cells. The compounds of the invention have anti- 
estrogenic activity effective to inhibit lO"* M estradiol-stimulated alkaline phosphatase 

15 activity by at least 30% and estrogenic activity of less than about 5% relative to the 

stimulation of alkaline phosphatase activity by lO"' M estradiol. Preferred compounds of 
the invention have a 1,3,5-estratriene nucleus, and are substituted at either the C-17 
position or the C-1 1 position with a molecular moiety which renders the compounds 
efifective to competitively block the binding of estrogen to its receptor. Of these, the more 

20 preferred compounds are the 1 7-substituted, *' 1 7-desoxy" compounds, i.e., there is no 
oxygen atom bound directly to the C-17 position. Particularly preferred compounds are 
17-desoxy-l,3,5-estratrienes that display tissue-selective pharmacology, i.e., compounds 
that act as SERMs by virtue of displaying estrogen antagonism in reproductive tissue but 
producing beneficial estrogen-like effects elsewhere in the body, particularly on bone and 

25 lipid metabolism. 

Formula (I) represents a first group of exemplary compounds of the invention 
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in which rl and r2 represent optional double bonds, and R is selected from the group 
10 connsting of C and N, and, when R is C, is in either the E or Z configuration. In preferred 
compounds herein, R is C. 

The other substituents, X, X* and R* through R", are defined as follows. 
X is hydrocarbyl generally and preferably including at least one oxygen atom, 
sulfijr atom, and/or nitrogen atom in the form of an -0-, -S-, -NH- or -N(allqd)-, 
IS preferably an -N(lower alkyl)-. linkage, and optionally contmning additional substituents 
and functional groups such as hydroxyl, oxo, alkoxy, amino, alkyl-substituted amino, 
halogeno, aryl, heteroaryl, heterocycloalkyl, or the like. When rl is present, such that the 
linkage to X is through a double bond, preferred X moieties are CH-Y and N-Y. When rl 
is not present, such that the linkage to X is through a single bond, preferred X moieties are 
20 represented by -Z-Y, -CH-Y' Y^ or -NR^Y, wherein Y, Y' and Y^ are as defined bdow, Z 
is oxygen or sulfur, and R^ is hydrogen or lower alkyl. In preferred structures herdn, rl 
is not present. 

X is either hydrogen or hydrocarbyl, wherein, if hydrocarbyl, generally and 
preferably including at least one oxygen atom, sulfur atom, and/or nitrogen atom in the 
25 form of an -0-, -S-, -NH- or -N(alkyl)-linkage, and optionally containing additional 

substituents and functional groups, as explained above with respect to X. X and X* may 
be the same or they may be different. Alternatively, X and X may be linked to form a 
heterocyclic ring, typically a six- to eight-membered heterocycloalkyl ring containing one 
to three, preferably two or three, heteroatoms selected from the group consisting of 
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nitrogen, oxygen, and sulfur, with nitrogen and oxygen preferred. The heterocycloalkyi 
group may, for example, have the structure -Z'-(CHj)„,-N(R^')-(CH2)^-2^- wherein nl 
and n2 are 1 or 2, and are preferably although not necessarily the same, is hydrogen or 
lower alkyl, and 7} and 7} are independently oxygen or sul&r. 
5 Y is hydrogen, -(R»)^-JR»R'« or -(R*« WZ' -(R"^.,-[L-(R'')^LHZ* -(R**)..]., - 

j^29j^3o wherdn R", R'', R'^ R" and R** are alkylene or alkenylene, typically alkylene, 
preferably lower alkylene, and 7? and Z* are independently oxygen or sulfur. L is -C(0)-, 
O, S or -NR"-, wherein R'* is hydrogen or lower alkyl, or L may be a five- or six- 
membered cyclic structure, optionally containing 1 to 4 heteroatoms selected from the 

10 group consisting of N, O and S and combinations thereof, and optionally substituted with 
one or more substituents selected from the group consisting of alkyl, alkenyl, alkoxy, 
halogenated alkyl, alkenyl, and alkoxy (preferably lower alkyl, lower alkenyl, lower 
alkoxy, halogenated lower alkyl, halogenated lower alkenyl, and halogenated lower 
alkoxy), carboxyl, hydroxy, amino, nitro, cyano, halogen, halogenated jdkyl, alkenyl, and 

15 alkoxy, and L may, optionally, be an arylene ring, and if arylene, is preferably phenylene, 
halo-substituted phenylene, lower alkyl-substituted phenylene, lower alkoxy-substituted 
phenylene, or biphenylene, more preferably phenylene, methoxy-substituted phenylene or 
iodo-substituted phenylene (with R'^ bound to any one of the ring carbon atoms). J is N 
or CH, n3 and n4 are 0 or 1, but are necessarily 1 when Y is bound to am oxygen, sulfur or 

20 nitrogen atom, nS, n6, n7, n8 and n9 are independently 0 or 1, and R^ smd R'" may be the 
same or different and are independently selected from the group consisting of hydrogen, 
lower alkyl, and haloalkyl, or together form a monocyclic or polycyciic substituent, with a 
preferred monocyclic substituent represented as J*, below. 



25 r: 




wherein Q is NR", O or CHj, Q' is oxo or CH^, and i is 0 or 1 . Y is optionally substituted 
at one or more available carbon atoms with halogen, oxo, hydroxyl, lower alkyl, lower 
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alkoxy or lower haloallcyl, with the provisos that when X is O-Y and R is C, Y is other 
than hydrogen, and when J is CH, and R'* together form t . 

Y* and Y* may be the same or different and are defined by -Z-Y. Alternatively, Y^ 
and ^ may be linked to form a heterocyclic ring, typically a heterocycloalkyl ring as 
5 explained with respect to X and X', above. 

The identity of R^ is dependent on the presence or absence of a double bond at tl. 
When r2 is present, such that there is a double bond linking R' to the carbon atom at the 
16-position of the estratriene nucleus, then R' is CR"R", wherein R" and R" are 
independently either hydrogen or lower alkyl. The preferred R' group when tl is present 
10 is CHj. When r2 is absent, such that there is a single bond linking R* to the carbon atom 
at the 1 6-position. then R' is hydrogen, alkyl (preferably lower alkyl) or halogen, 
preferably hydrogen. 

R^ is selected from the group consisting of hydrogen, hydroxyl, alkyl, alkenyl, 
(preferably lower alkyl and alkenyl), aryl, alkaryl, -ONOj. -OR" and -SR". wherein R" is 
15 alkyl (preferably lower alkyl), lower acyl or aryl. Preferably, although not necessarily, R' 
is hydrogen. 

R^ is selected from the group consisting of hydrogen, hydroxyl, halogen, alkyl 
alkenyl (preferably lower alkyl or alkenyl), aryl, alkaryl. -OR" and -SR", wherein R" is 
as defined above. Preferred R' substituents are hydrogen and lower alkyl. 

20 R* is hydrogen or lower alkyl, preferably hydrogen. 

R' is selected from the group consisting of hydrogen, lower alkoxy, halogen, 
cyano,-CH,CH=CH,. -CHO, -NR"R" and .(CH2)NR'*R" wherein R" and R" may be 
the same or different and are either hydrogen or lower alkyl, or together form a five- or 
six-membered cycloalkyl group optionally containing an additional nitrogen heteroatorn. 

25 Preferably, R* is hydrogen, methoxy. -NR'^R" or -(CHj)NR'*R» wherein R'* and R" are 
lower alkyl, particularly methyl or ethyl. 
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R* is selected from the group consisting of hydrogen, alkyl, acyl (preferably lower 
alkyl or lower acyl), -C(0)-aryl, -C(0)-alkyl and -SOjNHj (sulfamate). Preferred R* 
substituents are hydrogen, sulfamate, -C(0)-CfiH3, and -C(0)-/-butyl, with hydrogen and 
sulfamate particulaily preferred. 

R' is selected from the group consisting of hydrogen, halogen, -NO2, -CHO, 
-CH2CH=CH2, -NR'*R" and -(CH2)NR**R" wherein R" and R" may be the same or 
different and are either hydrogen, lower alkyl or acetyl. Preferably, R' is hydrogen. 

R" is selected from the group consisting of hydrogen, hydroxyl, -OR" and -SR" 
wherein R" is alkyl, acyl (preferably lower alkyl or lower acyl) or aryl. In preferred 
compounds, R* is hydrogen. 

R' is hydrogen or lower alkyl, with the proviso that when R is N, R* is not present. 
When R' is present, it is preferably hydrogen or methyl. 

R" is methyl or ethyl, typically ethyl. 

Fonnula (11) represents a second group of exemplary compounds of the invention 




in which: 

rl, r2. R, K\ R', R*, R*, R'. R'. R*. R', X and are as defined above with 
respect to formula (I) compounds; and 

R" and R^ are independently selected from the group consisting of hydrogen, 
hydroxyl, alkyl, alkenyl, alkynyl. alkoxy (preferably lower alkyl, lower alkenyl, lower 
alkynyl, and lower alkoxy), and halogen, or R" and R^* together form =0. 
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Preferred compounds of structural formulae (I) and (II) are compounds wherein rl 
is not present, R is C, R' is hydrogen or methyl, X is -0-Y or -S-Y, Y is -iCH^^r^^"^ 
or -(CHj)^-0-(CHj)«j-[L-(CH2)^L7-EO-(CHi)„5]^-NR^^ wherein L is phenylene, 
methoxy-substituted phenylene, iodo-substituted phenylene, -NH-, -NCCHj)- or -0-, ml 
through mS are 1, 2, 3 or 4, R^ and R^ are hydrogen, lower alkyl. haloalkyi (preferably 
lower haloalkyi), or are linked together to form a heterocycloalkyl ring such as defined by 
y earliei- herein, together representing, for example, -CH2CH2-NH-CH2CH2-, -CH2CH2-O- 
CH2CH2-, -(CHj)^-, -(CHj),-, or the like, and R' is hydrogen or sulfamate. Preferred 
compounds of structural formula (II), in particular, are wherein one of R" and R*" is 
hydrogen and the other is hydroxyl, lower alkyl, or lower alkynyl, or wherein R" and R* 
together form =0. 

Formula (HI) represents a third group of exemplary compounds of the invention 



(ni) 




in which r2 and R' through R* and R'" are as defined above with respect to Formulae (I) 
and (EL), and the remaining substituents are as follows: 

R" is hydrocarbyl generally and preferably including at least one oxygen atom, 
sulfur atom, and/or nitrogen atom in the form of an -0-, -S-, -NH- or -N(alkyl)- 
(preferably -N(lower alkyl)-) linkage, and optionally including additional substituents and 
functional groups such as hydroxyl, 0x0, alkoxy, amino, substituted amino, halogeno, aryl, 
heteroaryl, heterocycloalkyl, or the like. Typical R*' substituents are represented by 
-(R")^-JR^'R'° and -(R'')m-Z' -(R")„5-[L-(R")„6L7-[Z* -(^'*).tU -JR^'*' wherein R^ 
R^, K^, R". R'^, R" , R**, Z', Z*, L, J, and n3 through n9 are as defined above. 
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Examples of R'* substituents within the aforementioned group are -(CHj)„,-NR'^** and 
-(CH^«2-0-(CH3)^.[L-(CH2)^]„,-[(0-(CH2)^]^ -NR^'" wherein L is phenylene. 
methoxy-substituted phenylene, iodo-substituted phenylene, -NH-, -N(CH3)- or -0-, ml 
through m5 are 1, 2, 3 or 4, and R'" arc hydrogen, lower alkyi, haloalkyl (typicaUy 
5 lower haloallcyl), or are linked together to fonn a heterocycloalkyi ring as explained 
above, but preferably R^ and R'" are lower alkyI, most preferably methyl or ethyl; 

R^ is hydrogen or alkyI, or, when m is 0, R^' and R^ may be liriked to form a five- 
or sbc-membered cyclic structure wWch may or may not be aromatic, contains 0 to 3 
heteroatoms selected from die group consisting of N, O and S, and is substituted with 0 to 
10 4 substituents selected from the group consisting of alkyI, alkenyl, alkynyl, alkoxy 
(preferably lower alkyl, alkenyl, alkynyl and alkoxy), -C(0>alkyl, -C(0)-0-alkyl, 
-0-(CO)-alkyl (preferably -C(0)-lower alkyl, -C(0)-0-lower alkyl, andl -0-(CO)-lower 
alkyl), -C(0)-aryl, hydroxyl, carboxyl, halogen, nitrile, nitrate and fluorinated alkyl. 
Preferably, R" is hydrogen or methyl. 
15 R^ is hydrogen or lower alkyl, typically hydrogen or methyl. 

R" and R^ are both hydrogen or are both methylene bound to each other through 
a single covalent bond. 

In addition, m is an integer in the range of 0 to 6 inclusive, preferably 1, 2, 3 or 4, 
andnisOorl. 
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In structural formula (la), r2, R' through R* and R'** are as defined with respect to the 
substituents of structural formula (I), the subscript "m" is an integer in the range of 0 to 6 
inclusive, preferably 1, 2, 3 or 4, the subscript "p" is an integer in the range of 0 to 6 
inclusive, preferably 1, 2, 3 or 4, R^ and R" are lower alkyl, preferably methyl or ethyl, or 

5 are linked together to form a heterocycloalkyl ring, together representing, for example, 
-CH2CH2-NH-CH2CH2-, -CHjCH^-O-CHjCHj-, -(CH2)4-, -(CHj),-, or the like, and L is a 
five- or six-membered cyclic structure that may or may not be aromatic, and optionally 
contains 1 to 4 hetcroatoms selected firom the group consisting of N, O and S and 
combinations thereof, and optionally substituted with one or more substituents selected 

10 fi-om the group consisting of alkyl. alkenyl, alkoxy, halogenated alkyl, alkenyl, and alkoxy 
(preferably lower alkyl, lower alkenyl, lower alkoxy, halogenated lower alkyl, halogenated 
lower alkenyl, and halogenated lower alkoxy), carboxyl, hydroxy, amino, nitro, cyano, and 
halogen. 

Particularly preferred compounds encompassed by structural formula (I) 
15 are those having the formula (lb), as follows: 




25 wherein m, p, R" and R" are as defined above with respect to structure (la), and Q', Q^ 
and Q* are independently selected from the group consisting of hydrogen, hydroxyl, 
carboxyl. alkoxy (preferably lower alkoxy), alkyl (preferably lower alkyl), halogen, amino, 
and lower alkyl-substituted amino. 
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Similaity, preferred compounds of structural formula (II) have the formula (Ha), as 
follows; 




In structure (Ila), r2, R*, R' through R', R***, R" and R** are as defined with respect to 
compounds of stnicture (II), and m, p, L, R^ and R'** are as defined with respect to 
IS compounds of structure (la). 

Particularly preferred compounds of structural formula (II) have the stnicture QJb) 




in which m, p, R^ and R'" are as defined above with respect to structure (la), and Q', Q*, 
Q^, are as defined with respect to compounds of structural formula (lb). 
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Prefeired compounds of structural formula (III) have the structure (Ilia) 



5 (ma) 




23 ^R'* 
Rio r (CHj)— 0-L-(CH2)p-N^ 



10 



while particularly preferred compounds of formula (HI) have the structure (lUb), with all 
substituents as defined above v\^th respect to compounds (la) and (lb), respeaively. 



15 



20 



(nib) 



HO* 




A4 



Thus, it will be appreciated by those skilled in the art that the preferred compounds 
of the invention are 17-dcsoxy-l,3,5-estratrienes having the moiety 

25 =CH— (CHj)..,— <^ 

preferably 



=CH-(CH2)«.,-0-L-(CH2)— 
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10 



and most preferably 



/V/w(CH^p---nC 3« 
==CH-(CHaX.,,-0-^^ ^ R 



at the C-1 1 or C-17 position, as wdl as 17-desoxy-l,3,5-estratrienes having the moiety 



(CH2)5r-<^ 



15 



20 



preferably 



and most preferably 



-(CH2)«— O-L-CCHa)— nC 



W\/(ch^p-n:.^3„ 



present at C-l 7. 

Importantly, the novel compounds of this invention in which R* is -SOjNHj are 
potent anti-estrogenic agents as well as prodrugs for the parent anti-estrogenic 
25 compounds which are generated in vivo by hydrolysis of the -SOjNHa group at the C-3 
position. 

Examples of specific compounds of the invention include, but are not limited to, 
the following: 
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110 



The compounds may be in the form of pharmaceutically acceptable salts, esters, 
amides, prodrugs or other derivatives or analogs, or they may be modified by appending 
one or more appropriate functionalities to enhance selected biological properties. Such 
5 modifications are known in the art and include those which increase biological penetration 
into a given biological system, increase oral bioavailability, increase solubility to allow 
administration by injection, and the like. 
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Salts of the compounds can be prepared using standard procedures known to those 
skilled in the art of synthetic organic chemistiy and described, for example, by J. March, 
Advanced Organic Chemist fy Reactions. Mechanisms and Structure. 4th Ed. (New York: 
■ Wiley-Interscience, 1992). Acid addition salts arc prepared from the free base (e.g., 
5 compounds having a neutral -NHj or cyclic amine group) using conventional means, 
involving reaction with a suitable acid. Typically, the base form of the compound is 
dissolved in a polar organic solvent such as methanol or ethanol and the acid is added at a 
temperature of about O'C to about lOO'C, preferably at ambient temperature. The 
resulting salt dther precipitates or may be brought out of solution by addition of a less 

10 polar solvent. Suitable adds for preparing acid addition salts include both organic adds, 
e.g., acetic acid, propionic acid, glycolic acid, pyruvic acid, oxalic acid, malic acid, 
malonic acid, succinic acid, maleic acid, iiimaric acid, tartaric acid, citric acid, benzoic 
add, cinnamic add, mandelic add, methanesulfonic add, ethaneisulfonic acid, p- . 
toluenesulfonic acid, salicylic acid, and the like, as wdl as inorganic acids, e.g., 

15 hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the 

like. An acid addition salt may be reconverted to the free base by treatment with a suitable 
base. Preferred acid addition salts of the present compounds are the citrate, fumarate, 
succinate, benzoate and malonate salts. 

Preparation of basic salts of acid moieties which may be present (e.g., carboxylic 

20 add groups) are prepared in a similar manner using a pharmaceutically acceptable base 
such as sodium hydroxide, potassium hydroxide, ammonium hydroxide, calcium 
hydroxide, magnesium hydroxide, trimethylamine, or the like. 

Preparation of esters involves functionalization of hydroxyl and/or carboxyl groups 
which may be present. These esters are typically acyl-substituted derivatives of free 

25 alcohol groups, i.e., moieties which are derived from carboxylic acids of the formula 
RCOOH where R is alkyl, and preferably is lower alkyi. Pharmaceutically acceptable 
esters may be prepared using methods known to those skilled in the art and/or described in 
the pertinent literature. Esters can be reconverted to the free acids, if desired, by using 
conventional hydrogenolysis or hydrolysis procedures. Methods for preparing amides. 
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prodrugs, and other analogs and derivatives of the present compounds, are, amilaily, 
within the knowledge of one skilled in the art and/or described in the pertinent literature 

and teacts. 

Certain of the novel compounds are chiral in nature and can thus be in 
5 enantiomerically pure form or in a racemic mixture. In some cases, i.e., vnth regard to 
certain spediic compounds illustrated herein, chirality is indicated. In other cases, it is 
not, and the invention is intended to encompass both the isomerically pure forms of the 
compounds shown and the racemic or diastereomeric mixtures thereof. For example, 
compounds of structural formula (EI) are shown as having two substituents at the 17- 
10 position of the steroid nucleus without an indication of which substituent is 17a and which 
is np. It is intended that either possibility is encompassed by the generic structure, i.e., 

may be a and -(CH2),-CHR^'R^ may be P or may be P and -(CHj).-CHR"R^ may 
be o. Furthermore, certain compounds are stereoisomers which are asymmetric with 
respect to a C=C bond. In such a case, as indicated above with respect to the structures 
15 of formulae (I) and (D), the invention encompasses both such structures, i.e., both the "E" 
and "Z" isomers and mixtures thereof 

Utility and Administratipn: 

The novel compounds can be used to treat a variety of disordei^; primarily, the 

20 compounds are usefiil to treat estrogen-dependent disorders, i.e., conditions or diseases 
that are estrogen-induced or estrogen stimulated. The present compounds are capable of 
inducing remissions in breast cancer, including metastatic tumors. Furthermore, the 
present compounds have utility in the treatment of ovarian, uterine and pancreatic tumors 
as well as disease conditions such as galactorrhea, McCune- Albright syndrome, benign 

25 breast disease, and endometriosis. The compounds are also useful for treating certain 

conditions and disorders which are not estrogen-dependent, e.g., non-estrogen-dependent 
cancers, particularly cancers which are multiple drug-resistant. The latter advantage of the 
novel compounds represents an important advance in the art, as a major problem affecting 
the efficacy of chemotherapy regimens is the evolution of cells which, upon exposure to a 



wo 99/33859 



PCT/US98a7406 



-39- 

chemotherapeutic drug, become resistant to a multitude of structurally unrelated drugs and 
therapeutic agents. 

As explained elsewhere herein, certain of the novel compounds display tissue- 
selective pharmacology and act as SERMs. That is, the compounds are estrogen 
5 antagonists in reproductive tissue, including breast and/or uterine tissue, while giving rise 
to estrogen-like effects elsewhere in the body, particularly in the bone and lipid 
metabolism. A number of compounds of the invention, particularly those compounds 
defined by structural formula (HI) herein, are tissue-selective anti-estrogenic agents as just 
defined. Other compounds within the scope and substance of the invention may display 
10 tissue-selective pharmacology as well, and those skilled in the art may carry out 

conventional procedures, not involving excessive or undue experimentation, in order to 
ascertain a compound's potential tissue selectivity. 

Those compounds useful as SERMs can be used to treat all of the estrogen- 
dependent disorders discussed above, i.e.. breast cancer, ovarian, uterine and pancreatic 
15 tumors, galactorrhea, McCune-Albright syndrome, benign breast disease, and 

endometriosis. In addition, the novel compounds herein that are tissue selective in nature 
may also be used as follows: 

(1) to inhibit pulmonary hypertensive diseases, as described in U.S. Patent No. 
5,447,941 toZuckerman; 
20 (2) to inhibit dysfiinctional uterine bleeding, as described in U.S. Patent No. 

5,552,416 to Keohane; 

(3) to inhibit weight gain or induce or facilitate weight loss, as described in U.S. 
Patent Nos. 5,578,613 and 5,578.614 to Bryant et al.; 

(4) to inhibit breast disorders such as gynecomastia, hypertrophy, polythelia, 
25 mastodynia/mastalgia, hyperprolactinemia, and non-fibrocystic, non-cancerous 

mastopathias, as described in U.S. Patent No. 5,593,987 to Cullinan et al.; 

(5) to inhibit atrophy of the skin and vagina, as described in U.S. Patent No. 
5,610,167 to Cullinan; 
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(6) to inhibit bone loss and lower serum cholesterol, as described in U.S. Patent 
No. 5,641,790 to Draper; 

(7) to increase bone mass, as described in U.S. Patent No. 5,510,370 to Hock; 

(8) to treat osteoporosis, as described in U.S. Patent No. 5,646,137 to Black et al.; 
5 (9) to inhibit CNS problems in post-menopausal women, as described in U.S. 

Patent No. 5,663, 1 84 to Bryant et al.; and 

(10) to inhibit ovarian dysgenesis, delayed puberty or sexual in&ntilism, as 
described in U. S. Patent No. 5,7 1 9, 1 65 to Dodge. 

It will be appreciated by those skilled in the art that numerous other uses of the 
10 present compounds are possible as well. 

In addition to the novel compounds described above, the invention further 
encompasses methods of using certain known compounds as anti-estrogenic agents, i.e., 
compounds which were previously known to be useful only for purpo:ses unrelated to the 
treatment of estrogen-dependent disorders. These compounds include 

15 



20 




^NNH2 



HO' 



The anti-estrogenic agents of the invention may be conveniently formulated into 
pharmaceutical compositions composed of one or more of the compounds in association 
25 with a pharmaceutically acceptable carrier, Rpmingtnn The Science and Practice of 
Pharmacy. 19th Ed. (Easton, PA: Mack Publishing Co., 1995), which discloses typical 
carriers and conventional methods of preparing pharmaceutical compositions which may 
be used as described or modified to prepare pharmaceutical formulations containing the 
compounds of the invention. The compounds may also be administered in the form of 
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pharmaceutically acceptable salts, or as phaimaceutically acceptable esters, as described in 
the preceding section. 

The compounds may be administered orally, parenterally, transdermally, rectally, 
nasally, buccally, vaginally or via an implanted reservoir in dosage formulations containing 
5 conventional non-toxic pharmaceutically acceptable carriers, adjuvants and vehicles. The 
term "parenteral" as used herein is intended to include subcutaneous, intravenous, and 
intramuscular injection. The amount of active compound administered will, of course, be 
dependent on the subject bdng treated, the subject's weight, the manner of administration 
and the judgment of the prescribing physician. Generally, however, dosage will be in the 

10 range of approximately 0.01 mg/kg/day to 1 0.0 mg/kg/day, more preferably in the range 
of about 1.0 mg/kg/day to 5.0 mg/kg/day. 

Depending on the intended mode, of administration, the pharmaceutical 
compositions may be in the form of solid, semi-solid or liquid dosage forms, such as, for 
example, tablets, suppositories, pills, capsules, powders, liquids, suspensions, or the like, 

15 preferably in unit dosage form suitable for single administration of a precise dosage. The 
compositions will include, as noted above, an effective amount of the selected drug in 
combination with a pharmaceutically acceptable carrier and, in addition, may include other 
pharmaceutical agents, adjuvants, diluents, buffers, etc. 

For solid compositions, conventional nontoxic solid carriers include, for example, 

20 pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, sodium saccharin, 
talc, cellulose, glucose, sucrose, magnesium carbonate, and the like. Liquid pharmaceuti- 
cally administrable compositions can, for example, be prepared by dissolving, dispersing, 
etc., an active compound as described herein and optional pharmaceutical adjuvants in an 
excipient, such as, for example, water, saline, aqueous dextrose, glycerol, ethanol, and the 

25 like, to thereby form a solution or suspension. If desired, the pharmaceutical composition 
to be administered may also contain minor amounts of nontoxic auxiliary substances such 
as wetting or emulsifying agents, pH buffering agents and the like, for example, sodium 
acetate, sorbitan monoiaurate, triethanolamine sodium acetate, triethanolamine oleate. etc. 
Actual methods of preparing such dosage forms are known, or will be apparent, to those 
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skilled in this art; for example, see Remington's Pharmaceutical Sciences, referenced 
above. 

For oral administration, the compoation will generally take the form of a tablet or 
capsule, or may be an aqueous or nonaqueous solution, suspension or syrup. Tablets and 
5 capsules are preferred oral administration forms. Tablets and capsules for oral use will 
generally include one or more commonly used carriers such as lactose and com starch. 
Lubricating agents, such as magnesium stearate, are also typically add«jd. When liquid 
suspensions are used, the active agent is combined with emulsifying and suspending 
agents. If desired, flavoring, coloring and/or sweetening agents may be added as well. 

10 Other optional components for incorporation into an oral formulation herein include, but 
are not limited to, preservatives, suspending agents, thickening agents,, and the like. 

Parenteral administration, if used, is generally characterized by injection. 
Injectable formulations can be prepared in conventional forms, either as liquid solutions or 
suspensions, solid forms suitable for solution or suspension in liquid prior to injection, or 

15 as emulsions. Preferably, sterile injectable suspensions are formulated according to 

techniques known in the art using suitable dispersing or wetting agents and suspending 
agents. The sterile injectable formulation may also be a sterile injectable solution or a 
suspension in a nontoxic parenterally acceptable diluent or solvent. Among the acceptable 
vehicles and solvents that may be employed are water. Ringer's solution and isotonic 

20 sodium chloride solution. In addition, sterile, fixed oils are conventionally employed as a 
solvent or suspending medium. A more recently revised approach for parenteral 
administration involves use of a slow release or sustained release system, such that a 
constant level of dosage is maintained. See, e.g., U.S. Patent No. 3,710,795. 

The compounds of the invention may also be administered through the skin or 

25 mucosal tissue using conventional transdermal drug delivery systems, wherein the agent is 
contained within a laminated structure that serves as a drug delivery device to be affixed 
to the skin. In such a structure, the drug composition is contained in a layer, or 
"reservoir," underiying an upper backing layer. The laminated structure may contain a 
single reservoir, or it may contain multiple reservoirs. In one embodiment, the reservoir 
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comprises a polymeric matrix of a pharmaceutically acceptable contact adhesive material 
that serves to affix the system to the skin during drug delivery. Examples of suitable skin 
contact adhesive materials include, but are not limited to, polyethylenes, polysiloxanes, 
polyisobutylenes, polyacrylates, polyurethanes, and the like. Alternatively, the drug- 
5 containing reservoir and skin contact adhesive are present as separate and distinct layers, 
with the adhesive underlying the reservoir which, in this case, may be either a polymeric 
matrix as described above, or it may be a liquid or hydrogel reservoir, or may take some 
other form. 

The backing layer in these laminates, which serves as the upper surface of the 

10 device, functions as the primary structural element of the laminated structure and provides 
the device with much of its flexibility. The material selected for the backing material 
should be selected so that it is substantially impermeable to the active agent and any other 
materials that are present; the backing is preferably made of a sheet or film of a flexible 
elastomeric material. Examples of polymers that are suitable for the backing layer include 

15 polyethylene, polypropylene, polyesters, and the like. 

During storage and prior to use. the laminated structure includes a release liner. 
Immediately prior to use, this layer is removed firom the device to expose the basal surface 
thereof, either the drug reservoir or a separate contact adhesive layer, so that the system 
may be affixed to the skin. The release liner should be made from a drug/vehicle 

20 impermeable material. 

Transdermal drug delivery devices may be fabricated using conventional 
techniques, known in the art, for example by casting a fluid admixture of adhesive, drug 
and vehicle onto the backing layer, followed by lamination of the release liner. Similarly, 
the adhesive mixture may be cast onto the release liner, followed by lamination of the 

25 backing layer. Alternatively, the drug reservoir may be prepared in the absence of drug or 
excipient, and then loaded by soaking in a drug/vehicle mixture. 

The laminated transdermal drug delivery systems may in addition contain a skin 
permeation enhancer. That is, because the inherent permeability of the skin to some drugs 
may be too low to allow therapeutic levels of the drug to pass through a reasonably sized 
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area of unbroken skin, it is necessary to coadminister a skin permeation enhancer with 
such drugs. Suitable enhancers arc well know in the art and include, for example, 
dimethylsulfoxide (DMSO), dimethyl formamide (DMF), N,N-dimethylacetamide (DMA), 
decylmethylsulfoxide (CjoMSO), Cj-C^ alkanediols, and the 1 -substituted azacycloheptan- 
5 2-ones, particularly l-n-dodecylcyclaza-cycloheptan-2-one (available under the trademark 
Azone® from Whitby Research Incorporated, Richmond, VA), alcohols, and the like. 
However, it should be emphasized that an advantage of the present invention is the 
potential for transdermal delivery of an active agent as provided herein without need for a 
skin permeation enhancer, this is particularly true, for example, with compounds of 
10 structural formulae (I) and (HI) wherein a nitrato (-ONOj) group is present at the 1 1- 
po»tion. 

Alternatively, the pharmaceutical compositions of the invention may be 
administered in the form of suppositories for rectal administration. These can be prepared 
by mbdng the agent with a suitable non-irritating exdpient which is solid at room 

15 temperature but liquid at the rectal temperature and therefore will melt in the rectum to 
release the drug. Such materials include cocoa butter, beeswax and polyethylene glycols. 

The pharmaceutical compositions of the invention may also be administered by 
nasal aerosol or inhalation. Such compositions are prepared according to techniques well- 
known in the art of pharmaceutical formulation and may be prepared a.s solutions in saline, 

20 employing benzyl alcohol or other suitable preservatives, absorption promoters to enhance 
bioavailability, fliiorocarbons, and/or other conventional solubilizing or dispersing agents. 

Preferred formulations for vaginal drug delivery are ointments suid creams. 
Ointments are semisolid preparations which are typically based on petrolatum or other 
petroleum derivatives. Creams containing the selected active agent, are, as known in the 

25 art. viscous liquid or semisolid emulsions, either oil-in-water or water-in-oil. Cream bases 
are water-washable, and contain an oil phase, an emulsifier and an aqueous phase. The oil 
phase, also sometimes called the "internal" phase, is generally comprised of petrolatum 
and a fatty alcohol such as cetyl or stearyl alcohol; the aqueous phase usually, although 
not necessarily, exceeds the oil phase in volume, and generally contains a humectant. The 
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emulsifier in a cream formulation is generally a nonionic, anionic, cationic or amphoteric 
surfactant. 

The specific ointment or cream base to be used, as will be appireciated by those 
skilled in the art, is one that will provide for optimum drug delivery. As with other 

5 carriers or vehicles, an ointment base should be inert, stable, nonirritating and 
nonsensitizing. Also preferred are vaginal suppositories. Suppositories may be 
formulated using conventional means, e.g., compaction, compression-molding or the like, 
and will contain carriers suited to vaginal drug deliveiy, typically a bioerodible material 
which provides for the desired drug release profile. 

10 Formulations for buccal administration include tablets, lozenges, gels and the^ltke. 

Alternatively, buccal administration can be effected using a transmucosal delivery system. 



Process for Preparation: 

The compounds of the invention may be prepared in high yield using relatively 

15 simple, straightforward methods as exemplified in the experimental section herein. 

Syntheses of representative compounds are detailed in Examples 1 through 39. For fiirther 
information concerning the synthesis of compounds having a sulfamate group at the 3- 
position, reference may be had to co-pending, commonly assigned U.S. Patent AppUcation 
Serial No. 08/997,416, entitled "Estrone Sulfamate Inhibitors of Estrone Sulfatase, and 

20 Associated Pharmaceutical Compositions and Methods of Use," inventors Tanabe et al., 
filed on December 24, 1997. 



Experimental 

The practice of the present invention will employ, unless otherwise indicated, 
25 conventional techniques of synthetic organic chemistiy, biological testing, and the like, 
which are within the skill of the art. Such techniques are explained fully in the literature. 
See. e.g., Fieser et al., Stetoids (New York: Reinhold, 1959), Djerassi. Stfiroid Reaction ; 
An Outline fnr Orpranic Chemists (San Francisco: Holden-Day. 1963), and Fried et al.. 
Organic Reacti TT"?^ i n ^^"^^^^ rhemistrv . vols. 1 and 2 (New York: Reinhold, 1972), for 
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detailed information concerning steroid-related synthetic procedures. Reference may be 
had to Littlefield et al.. Endocrinology 122: 2757-2762 (1990) and Wakeling et al.. 
Endocrinology 22: 447-453 (1983) for a description of the biologicaJ testing procedures 
use&I to evaluate compounds such as those described and claimed herein. 
S It is to be understood that while the invention has been described in conjunction 

with the preferred specific embodiments thereof, that the description above as well as the 
examples which follow are intended to illustrate and not limit the scope of the invention. 
Other aspects, advantages and modifications within the scope of the invention will be 
apparent to those skilled in the art to which the invention pertains. 

10 In the following examples, efforts have been made to insure accuracy with respect 

to numbers used (e.g., amounts, temperature, etc.) but some experimental error and 
deviation should be accounted for. Unless indicated otherwise, temperature is in degrees 
C and pressure is at or near atmospheric. All solvents were purchased as HPLC grade, 
and all reactions were routinely conducted under an inert atmosphere of argon unless 

15 otherwise indicated. All reagents were obtained commercially unless otherwise indicated. 
Estrone and estradiol were purchased from Berlichem U.S.; ethynyl estradiol was 
purchased from Akzo Nobel. NMR analyses were conducted on a Varian Gemini 300 and 
were referenced to chloroform at 6 7.27. FTIR spectra were recorded on a Perkin-Elmer 
1610. 
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Example 1 

Preparation o f /7rJ-3-/grr-Butvldimethvlsilvloxv-2 1- 
hromo-1 Q-nor preyna.! 3 SnOV 17f20Vtetraene f4> 




Scheme 1 



(a) Synthesis of 3-ter/-ButyIdimethyIsiIyIoxy- estra-1,3,5 (10)-triene-17-one (2): 
20 To a mixture of estrone (1, 29 g, 107.3 mmol) and ter/>butyldimethylsilyl chloride 

(18 g, 1 1 8 mmol) in THF (350 mL) at room temperature under argon was added 
imidazole (18 g, 264 mmol) in DMF (350 mL). After stirring the reaction mixture 
overnight, the THF was evaporated and the reaction mixture was poured onto ice water. 
The resulting white precipitate was collected by filtration, dissolved in CHjClj, and the 
25 solution was dried (MgSOJ. The desiccant was filtered and the solvent was evaporated 
under reduced pressure to afford 38.8gof2asa white, crystalline solid (94% yield), m.p. 
171-172 "C. 
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»H NMR (300 MHz, CDCI3): 6 0. 19 (s. 6, Si(CH3)j), 0.91 (s, 3. CH,). 0.98 (s, 9, 
SiC(CHj)3), 1 .24-2.57 (m, 13), 2.85 (m, 2), 6.57 (d, J = 2.4 Hz, 1, ArH), 6.62 (dd, J = 
2.4, 8.4 Hz, 1, ArH). 7.12 (d, J = 8.4 Hz, 1, ArH). 

(b) Synthesis of 3-/er/-ButyldiinethylsiIyloxy-19-nor-17a-pregina-l,3,5(10),20-r 
tetraen-17-oI (3): 

To a solution of 3-/err-butyldiniethylsilyloxy- estra-1,3,5 (10)-triene-17-one (2, 4.0 
g, 10.4 nunol) in THF (40 mL) at 0°C under argon was added a solution of 
vinylmagnesium bromide in THF (1 5 mL, 15 mmol). The resulting mixture was then 
warmed to room temperature for 2 h. The reaction mixture was quenched by pouring into 
saturated aqueous NH4CI, then extracted with 40% ethyl acetate/hexane. The combined 
organic layers were dried (MgSOJ. The desiccant was filtered and the solvent was 
evaporated at reduced pressure. Flash chromatography (5% ethyl acetate/hexane) 
afforded 2.23 g of 3 as a white solid (52 % yield), m.p. 127-128 'C. 

'H NMR (300 MHz, CDCI3): 6 0.18 (s, 6, Si(CH3)2), 0.95 (s, 3, CH3), 0.97 (s, 9, 
SiQCHj),). 1.25-2.3 (m. 13), 2.80 (m, 2), 5.16 (m, 2), 6.10 (dd, J = 10.8. 17.1 Hz, 1), 
6.54 (d. J = 2.5 Hz. 1, ArH), 6.60 (dd, J = 2.5, 8.3 Hz, 1, ArH), 7.10 (d, J = 8.3 Hz, 1, 
ArH). 

(c) Synthesis of (E^-3-/er/-butyldimethyIsiIyloxy-21-bromo-19-norpregna- 
1,3,5(1 0), 1 7(20)-tetraene (4): 

To a solution of PBr, (0.3 mL, 2.0 mmol) in toluene (5 mL) wai; added a solution 
of 3-ter/-butyldimethylsiIyloxy-J9-nor-17o-pregna-1.3,5(10),20-tetraen-17-ol (3, 1.46 g, 
3.54 mmol) and pyridine (0. 1 mL) in toluene (5 mL) at 0°C under argon. The resulting 
mixture was stirred at 0°C for 1 h, then warmed to room temperature for 1 h. The 
reaction mixture was quenched by pouring into ice water, then extracted with 40% ethyl 
acetate/hexane. The organic layer was washed with saturated aqueous NaHCO,, then 
with brine, and dried (MgSOJ. The desiccant was filtered, and the solvent was 
concentrated to afford a gum. Quick filtration through a short plug of silica gel ( 2% ethyl 
acetate/hexane) afforded 1 .2 g of 4 as a pale yellow gum (71% yield). 
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•H NMR (300 MHz, CDCI3): 0.18 (s. 6. SiCHj)^), 0.81 (s, 3, CH3), 0.98 (s, 9, 
SiCCCHj),). 1.20-1.60 (m. 6), 1.80-1.98 (m. 3), 2.16-2.55 (m, 4), 2.82 (m, 2). 4.02 (d, J = 
8.5 Hz, 2), 5.41 (m, 1), 6.55 (d. J = 2.7 Hz, 1, ArH), 6.61 (dd, J = 2.7, 8.2 Hz, 1. ArH), 
7.12(d, J = 8.2Hz, 1, ArH). 

The following scheme illustrates the synthetic steps carried out in Examples 2 
through 5 to make the anti-estrogenic compounds (5), (6), (7) and (8): 
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Example 2 

Preparation of (^3-Hvdroxv-21-r2'-hvdroxvlethvlaniinoVl9- 
norpregna- 1 .3.5(10^ 1 7r20Vtetraene (S^ 
To a solution of ethanoiamine (O.S mL, 8.3 nunol) in THF (O.S mL) at room 
temperature under argon was added allylic bromide 4 (0.1 g, 0.21 mmol) in THF (1 mL). 
The reaction mixture was stirred for 20 min., then poured into saturated aqueous NaHCO^ 
and extracted with 80% ethyl acetate/hexane. The combined organic layers were dried 
(MgSOJ. The desiccant was filtered, and the solvent was concentrated to afford an oil. 
The crude product was dissolved in THF (3 mL) and a solution of tetrabutylammonium 
fluoride in THF (0.5 mL, 0.5 mmol) was added at 0"C and stirred for 30 min. The 
reaction mixture was poured into saturated aqueous NaHCO, and extracted with 80% 
ethyl acetate/hexane. The combined organic layers were dried (MgSOJ, the desiccant 
was filtered, and the solvent was concentrated to afford a gum. Flash chromatography 
(5% methanol/chloroform) afforded 0.044 g of 5 as a white solid (61% yield), m.p. 203- 
205 "C. 

'H NMR (300 MHz, CD3OD): 6 0.84 (s, 3, CH,). 2.78 (m, 4), 3.30 (m, 2), 3.69 
(t. J = 5.5 Hz, 2), 5. 17 (m, 1), 6.47 (d, J = 2.6 Hz, 1, ArH), 6.53 (dd, J = 2.6. 8.5 Hz, 1, 
ArH), 7.07 (d, J = 8.5 Hz, 1, ArH). HRMS calcd. for CJHa.NOj (M*), 341.2355; found, 
341.2355. 

Example 3 

Preparation of rg^-3-Hvdroxv-2 1 -f 3'-fN■N-dimethvlaminoV 
propv^aminQ ]-l 9-norpregna-l ^.Sri 0'). 1 7f20Vtetraene (6^ 
To a solution of 3-dimethyIaminopropyIamine (0.5 mL, 4.0 mmol) in THF (0.5 
mL) at room temperature under argon was added aliylic bromide 4 (0. 1 g, 0.21 mmol) in 
THF (1 mL). The procedure described in Example 2 was used to afford 0.015 g of 6 as a 
white powder (19% yield). 
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'HNMR (300 MHz, DMSO-d«): ft 0.81 (s, 3, CHj). 2.97 (s, 6, NCCHa)^), 3.85 
(m, 2), 5.28 (m,l), 6.46 (d, J = 2.6 Hz, 1, ArH). 6.52 (dd, J = 2.6, 8.5 lEIz. 1, ArH). 7.08 
(d, J = 8.5 Hz, 1, ArH). 

Example 4 

Preparation of f£'^-3-Hvdroxv-21-f2'-r2''-rNN-dimethvlaminr.WhnwV 
ethoxv)-19-norpreyna-1.3.5 noV 1 7r20Vtetraene (7) 

To a solution of 2-[2-(diinethyIainino)ethoxy]ethanol (0.5 g, 3.75 mmol) in THF 
(8 mL) at room temperature under argon was added a solution of potassium 
hexamethyldisilazide in toluene (7.0 mL, 3.5 nunol). The resulting solution was stirred for 
5 minutes, then a solution of allylic bromide 4 (0.13 g, 0.27 mmol) in THF (1.5 mL) was 
added. After stirring for 5 min., the reaction mixture was poured into s^aturated aqueous 
NaHCOj, and extracted with 80% ethyl acetate/hexane. The combined organic layers 
were dried (MgS04). The desiccant was filtered, and the solvent was concentrated to 
afford an oil. To a solution of the oil in pyridine (1 mL) and CHjCN (2 mL) was added 
hydrogen fluoride-pyridine (1 mL) at O^C. The resulting cloudy solution was stirred for 2 
h, then poured into water, and extracted with 80% ethyl acetate/hexane. The combined 
organic layers were dried (MgSOJ. The dessicant was filtered, and the solvent was 
concentrated to afford an oil. Flash chromatography (ethyl acetate; 5% 
methanol/chloroform) afforded 0.032 g of 7 as a guni (29% yield). .. . 

*HNMR (300 MHz, CDCI3). 6 0.79 (s, 3, CH,), 1.12-1.56 (m, 6), 1.79-1.98 (m, 
3). 2. 1 1-2.40 (m, 4), 2.45 (s, 6. NiCH:^)^, 2.74 (t. J = 5.6 Hz, 2), 2.83 (m,2), 3.56-3.67 
(m, 4), 3.69 (t, J = 5.6 Hz, 2). 4.01 (m, 2), 5.22 (m, 1), 6.56 (d, J = 2.4 Hz, 1, ArH), 6.63 
(dd. J = 2.4, 8.7 Hz, 1. ArH), 7.15 (d, J = 8.7 Hz, 1, ArH). HRMS calcd. for CaiHa^O, 
(M*), 413.2930; found, 413.2930. 
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Preparation of fgV-3-HvdrQXV-2 1 -r3'-fN.N-dimethvlaminQ^ 
prnpnxvyiQ-nnrpregna-l 3 SriQV 1 7r20Vtetraene ^8^ 
To a solution of 3>dunethylainino-l-propanol (O.IS mL, 1.27 mmol) in THF (O.S 
5 mL) at room temperature under argon was added allyiic bromide 4 (0. 1 g, 0.2 1 mmol) in 
THF (1 mL). The procedure described in Example 2 was used to afford 0.032 g of S as a 
white powder (40% yield), m.p. 159-161 "C. ' 

»H NMR (300 MHz, CDCI3): 5 0.79 (s, 3, CH,). 2.38 (s. 6. N(CHj)j), 2.58 (m. 
2), 2.81 (m, 2), 3.48 (m. 2). 3.95 (m. 2). 5.19 (m. 1). 6.56 (d. J = 2.5 Hz, 1, ArH), 6.61 
10 (dd, J = 2.5. 8.5 Hz, 1, ArH), 7.14 (d, J =8.5 Hz, 1, ArH. HRMS calcd. for CaHajNOj 
(M*), 383.2824; found, 383.2825. 

The following scheme illustrates the synthetic steps carried out in Examples 6 
through 9 to make the anti-estrogenic compounds (9), (10), (11) and (12): 



15 
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Example 6 

Preparation of r£V3-Hvdroxv-21-r2'-nsr N-dimethvlaminn^- 
ethancthio1-19-nomreEna-1.3.5nO> 17r20-tetraene m 
To a suspension of 2-dimethylaminoethanethiol-HCI (86 mg, 0.6 mmol) in THF (3 
mL) at -78 "C under argon was added a solution of /i-butyllithium in hexane (0.7 mL, 1.1 
mmol). The resulting mixture was warmed to room temperature until the white solid had 
dissolved to form a light yellow solution, and the solution was then cooled to -78''C. To 
the cooled solution was added allylic broniide 4 (0. 1 g, 0.2 1 mmol) in THF (1 .5 mL). 
After warming the reaction mixture to room temperature, and stirring for 10 min., the 
mixture was poured into saturated aqueous NaHCOj, and extracted with 80% ethyl 
acetate/hexane. The combined organic layers were dried (MgSOJi the desi£cant was 
filtered, and the solvent was concentrated to afford an oil. The oil was dissolved in 
CH3CN (2 mL) and pyridine (1 mL). HF-pyridine (1 mL) was added at 0"C, the solution 
was stirred for 2 h, and was then extracted with 80% ethyl acetate/hexane. The combined 
organic layers were dried (MgSOJ, the desiccant was fUtered, and the solvent was 
concentrated to afford a gum. Flash chromatography (ethyl acetate; 5% 
methanol/chloroform) afforded 0.065 g of 9 as a white solid (80% yield), m.p. 138-140 

•c. 

'HNMR (300 MHz, CDCI3): 6 0.74 (s, 3, CH3), 1.01-1.55 (m. 6), 1.75-2.01 (m, 
4). 2.32 (s. 6. N(CH3)2), 2.61 (m, 4). 2.79 (m, 2), 3.31 (m, 2). 5.09 (m, 1), 6.52 (d,J = 2.7 
Hz, 1, ArH). 6.56 (dd, J = 2.7, 8.3 Hz, 1, ArH). 7.09 (d,J = 8.3 Hz, 1, ArH). HRMS 
calcd. for C24H35NOS (M*). 385.2439; found, 385.2436. 

Example 7 

Preparation of f£l-3-Hvdroxv-21-r2'-rpvrrnliHinyi;> 
thoxvl- 1 9-norpregna- 1 .3 . 5(1 OV 1 7f 2 0Wetraene (\ 0^ 
To a solution of 1 -(2-hydroxyethyI)-pyrroIidine (0. 15 mL, 1.3 mmol) in THF (2 
mL) at 0°C under argon was added a solution of potassium hexamethyldisilazide in 
toluene (2.0 mL, 1 .0 mmol). Afler stirring for 5 min., the reaction mixture was cooled to - 
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78 'C, and a solution of allylic bromide 4 (0. 1 g, 0.21 mmol) in THF (2 mL) was added. 
After warming the reaction mixture to O'C for 20 min., the mixture was poured into 
saturated aqueous NaHCO,, and extracted with 80% ethyl acetate/hexane. The combined 
organic layers were dried (MgS04), the desiccant was filtered, and the solvent was 
5 concentrated to afford a gum. The gum was dissolved in CH3CN (2 mL) and pyridine (1 
mL). HF-pyridine (1.0 mL) was added at O'C, the solution was stirred for 2 h and was 
then poured into water and extracted with 80% ethyl acetate/hexane. llie combined 
organic layers were dried(MgS04), the dessicant was filtered, and the solvent was 
concentrated to afford an oil. Flash chromatography (ethyl acetate; 5% 
10 methanol/chloroform) afforded 0.039 g of 10 as a white solid (47% yield), m.p. 149-152 
"C. 

»HNMR(300MHz, CDCI3): 6 0.77 (s. 3, CHj), 1.12 (m, 1), 1.22-1.58 (m, 5), 
1.75-1.94 (m, 7), 2.1 1 (m, 1), 2.33 (m, 3). 2.72-2.90 (m, 8), 3.65 (m, 2), 3.99 (m. 2). 5.19 
(m, 1), 6.54 (d, J = 2.3 Hz, 1, ArH), 6.60 (dd, J = 2.3, 8.0 Hz, 1, ArH), 7.13 (d. J = 8.0 
15 Hz, 1, ArH). HRMS calcd. for C2sH„N02(Kr), 395.2824; found, 395.2823. 

Example 8 

Preparation of rE>-3-Hvdroxv-2 1 '\2'-( morpholinvnetho?{v1- 
1 9-norpregna-l .3.5(1 O V 1 7f20Wetraene (U'i 
20 To a solution of 4-(2-hydroxyethyl)morpholine (0.15 mL, 1.2 mmol) in THF. (0.5 

mL) at room temperature under argon was added allylic bromide 4 (0. 1 g, 0.21 mmoO in 
THF (1 mL). The procedure described in Example 7 was used to afford 0.062 g of 11 as 
a white powder (72% yield), m.p. 140-142 °C. 

•HNMR (300 MHz. CDCIj): 6 0.79 (s, 3. CH3), 1.18 (m, 1), 1.28-1.60 (m, 5), 
25 1.77-1.98 (m, 3), 2.15 (m, 1), 2.35 (m, 3). 2.53 (m, 4), 2.62 (t. J = 5.8 Hz, 2), 2.82 (m, 2), 
3.57 (m. 2), 3.74 (m, 4), 3.99 (m, 2), 5.21 (m, I), 6.55 (d. J= 2.6 Hz, 1, ArH). 6.61 (dd, J 
= 2.6, 8.8 Hz. 1. ArH). 7.15 (d, J = 8.8 Hz, 1, ArH). HRMS calcd. for C26H37NO3 (M*), 
41 1.2773; found, 41 1.2774. 
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Example 9 

Preparation of f^-3-HvdrQxv-21-ry-/'p;p<»r».^nyl> 
et hoxYM 9-norpregna-l .3.5riOV 1 7f20Vtetraene n 2;^ 

To a solution of l-(2-hydroxyethyl)piperazine (0.15 mL, 1.22 mmol) in THF (0.5 
mL) at room temperature under argon was added allylic bromide 4 (0.1 g, 0.21 mmol) in 
THF (1 mL). The procedure described in Example 7 was used to afford 0.03 1 g of 12 as 
a white powder (36% yield), m.p. 198-200 'C. , 

'H NMR (300 MHz, CDCI3): & 0.79 (s, 3. CH3), 1.15 (m, 1), 1.22-1.60 (m, 5), 
1 75-1.98 (m, 3), 2.16 (m, 1), 2.32 (m, 3). 2.48-2.70 (m. 10), 2.81 (m. 2), 3.01 (m. 2), 
3.64 (m, 2). 5. 17 (m, 1). 6:54 (d,J = 2.3 Hz, i; ArH). 6.61 (dd, J = 2.3, 8.0 Hz, 1, ArH), 
7.13 (d,J = 8.0 Hz, 1, ArH). HRMS calcd. for C^HaNjOj (NT), 410.2933; found, 
410.2928. 

The following scheme illustrates the synthetic steps carried out in Examples 10 
through 14 to make the anti-estrogenic compounds (21), (22), (23), (24), (25) and (27): 
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^^vL^ 1) CeCb 
R^v^OkJL/ H2C=CHM ^r 
X Jl. 2) Ac20, 



1 R5=H R3 = H 

13 r5 = H R3 = CH3 

14 R^»OMe R3 = H 




AcO' 



15 R5 = H r3 = H 

16 r5 = H R3 = CH3 

17 R^»OMe R3 = H 



27 R5 = H R3 = H 



R5 



24 r5 = H 

25 r5 = H 



PBi3. 
pyridine 



HOCHMeCH2NMe2. 
KN(TMS)2 



HO(CH2bNEt2., 
KN(TMS)2 




'r3 



R3=H 
R3 = CH3 



I. R^Vj^'SyA^.^^/ 
AcO-^'-^"r3 



18 r5 = H r3=H 

19 R5 = H R3 = CH3 

20 R5 = OMe R3=H 



HO(CH2)2NMc2. 
KN(TMS)2 



R5 



HO 




'r3 
R3 = H 



21 r5 = H 

22 r5 = H R3 = CH3 

23 R^ = OMe R3 = H 



/ 



Scheme 4 
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Example 10 

Preparation of fg>-3-Hvdroxv-21-r2'-fNN-rf imethvlaminn^ 
ethoxv1-19-norDregna-1.3.5nOY 17r20WfttrapnP my 
(a) Synthesis of 3-acetoxy-19-nor-17a-pregna-l,3,5(10),20-tetraen-17-ol (15): 
A mixture of estrone 1 (10.0 g, 37 mmol) and CeClj (18.2 g, 74 nunol) in THF 
(400 mL) at room temperature under argon was stirred for 16 h. To this mixture was 
added a solution of vinylmagnesium bromide in THF (160 mL, 160 mmol). After stirring 
at room temperature for 30 min.. the reaction mixture was quenched by pouring into 
saturated aqueous NaHCO,, and extracted with 80% ethyl acetate/hexane. The combined 
organic layers were dried (MgSO^), the desiccant was filtered and the solvent was 
concentrated to afford 3-hydroxy-19-nor-17a-pregna-l,3,5(10),20-tetraen-17-ol as a 
solid. 

*H NMR (300 MHz, CDCI3): 6 0.93 (s, 3. CH3), 2.80 (m, 2). 5.20 (m, 2), 6.09 
(dd, J = 10.7, 17.3 Hz, 1). 6.54 (d, J = 2.6 Hz, 1, ArH), 6.60 (dd, J = 2.6, 8.5 Hz, 1, 
ArH), 7. 10 (d. J = 8.5 Hz, 1. ArH). 

To a solution of 3-hydroxy-19-nor-17a-pregna-l,3,5(10),20-tetraen-17-ol in THF 
(150 mL) were added pyridine (10 mL) and AcjO (5 mL) at room temperature under 
argon. The resulting mixture was stirred at room temperature for 5 h, then diluted with 
80% ethyl acetate^ej^ane and washed with aqueous HCl, NaHCOj and brine. The organic 
layer was dried (MgSOJ, the desiccant was filtered and the solvent was concentrated to 
afford a solid. Flash chromatography (15% ethyl acetate/hexane) afforded 1 1.7 g of 15 as 
a white solid (93% yield). 

*H NMR (300 MHz, CDCI3): 6 0.95 (s. 3, CH3), 2.28 (s, 3. OAc), 2.86 (m, 2), 
5. 18 (m, 2), 6. 1 1 (dd, J = 10.7, 17.3 Hz, 1). 6.79 (d.J = 2.3 Hz, 1, ArH), 6.83 (dd, J = 2.3, 
8.3 Hz, 1, ArH), 7.27 (d, J = 8.3 Hz, 1, ArH). 

(b) Synthesis of (£)-3-Acetoxy-2 1 -bromo- 1 9-norpregna- 1 ,3,5(10), 1 7(20)- 
tetraene (18): 

To a solution of PBr, in CH2CI2 (0.7 mg, 0.7 mmo!) and toluene (5 mL) was added 
a mixture of 3-acetoxy-l 9-nor-17a-pregna- 1,3,5(1 0),20-tetraen-17-ol (15) (0.25 g, 0.73 
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mmol) and pyridine (0.06 mL, 0.74 mmol) in toluene (3 mL). The resulting mixture was 
stirred at 0°C for 1.5 h, then quenched by pouring into cold water, and extracted with 
40% ethyl acetate/hexane. The organic layer was washed with saturated aqueous 
NaHCOj and brine, and was dried (MgS04). The desiccant was filtered and the solvent 
5 was concentrated to afford a white solid. Quick filtration through a plug of silica gel in 
10% ethyl acetate/hexane yielded 0.2S g of 18 as a white solid (85% ytdd), m.p. 142-145 

•c. 

»H NMR (300 MHz, CDCla): 6 0.81 (s, 3, CH,), 2.29 (s, 3, COCH3), 2.88 (m. 2), 
4.02 (d, J = 8.5 Hz. 2), 5.43 (m, 1), 6.80 (d,J = 2.3 Hz, 1, ArH). 6.85 (dd, J = 2.3, 8.3 Hz, 
10 1, ArH), 7.30 (d, J = 8.3 Hz, 1, ArH). HRMS calcd. for CjjHjTBrOj (M*), 402. 1 195; 
found, 402.1203. 

(c) Synthesis of (£)-3-Hydroxy-21-[2'-(N,N-din»ethylamino)ethoxy]-19- 
norpregna-l,3,5(10),17(20)-tetraene (21): 

To a solution of N.N-dimethylethanoIamine (0.6 mL, 6.0 mmol) in THF (8 mL) at 
15 O^C under argon was added potassium hexamethyldisilazide in toluene (1 1.5 mL, 5.75 
nmiol). The solution was stirred for 5 min., then cooled to -78''C. (£)-3-acetoxy-21- 
bromo-19-norpregna-1.3,5(10),17(20)-tetraene (18) (0.2 g, 0.5 mmol) in THF (3 mL) was 
added, and the reaction mixture was warmed to O'C for 30 min. The resulting yellow 
cloudy solution was poured into saturated aqueous NaHCO, and extraaed with 80% ethyl 
20 acetate/hexane. The combined organic layers were dried (MgSOJ, the desiccant was 
filtered, and the solvent was concentrated to afford an oil. Flash chromatography (5% 
methanol/chloroform) afforded 0. 1 1 g of 21 as a white solid (60% yield), m.p. 123-124 

•c. 

•H NMR (300 MHz. CDCI3): 6 0.75 (s. 3. CH,). 1.04 (m, 1), 1.20-1.56 (m, 5). 
25 1 .72- 1 .92 (m, 3). 2.04 (m. 1), 2.30 (m. 3). 2.33 (s, 6. N(CH3)2). 2.60 (t, J = 5.7, Hz, 2). 

2.80 (m, 2), 3.56 (m, 2), 3.98 (m, 2), 5.19 (m, 1), 6.53 (d. J = 2.7 Hz, 1, ArH). 6.58 (dd, J 
= 2.7, 8.3 Hz. 1, ArH), 7. 1 1 (d, J = 8.3 Hz, 1. ArH). Anal, calcd. for C:j«H3jN02; C, 78.0; 
H. 9.55; N, 3.79; found: C, 77.9; H. 9.50; S, 3.80. HRMS calcd. for C24H35N02(M*), 
369.2667; found, 369.2666. 
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Example 1 1 

, Preparation of C£)-3-HydrQxy-7«-methyl-21-[2'-CN.N-dimethylaminQ)- 

ethoxv]- 1 9-norpregna- 1 . 3 . SH OV 1 T^' 20Vtetraene (21) 

(a) Synthesis of (£)-3-acetoxy-7o-inethyl-2 1 -bromo- 1 9-norpregna- 
5 1,3,5(10), 17(20)-tetraene (19): 

By the procedure described in Example 10, step (a), with 7a-methyl estrone (13), 
0.93 g, 3.27 nunol) substituted for estrone, 3-hydroxy-7a-methyl-19-nor-17a-pregna- 
l,3,5(10),20-tetraen-17-ol was obtained as an oil. 

'H NMR (300 MHz, CDCI3): 6 0.82 (d.J = 7.0 Hz, 3, CHj), 0.95 (s, 3, CH3). 2.50 
10 (d, J = 17.0 Hz, 1), 3.04 (dd, J = 6.6, 17.0 Hz, 1), 5.19 (m. 2), 6.12 (dd, J = 10.7, 17.3 
Hz, 1), 6.54 (d, J = 2.5 Hz, 1. ArH), 6.61 (dd. J = 2.5, 8.5 Hz, 1, ArH), 7.14 (d, J = 8.5 
Hz. 1. ArH). 

3 -Hydroxy-7a-methy I- 1 9-nor- 1 7 a-pregna- 1,3,5(1 0),20-tetraen- 1 7-oI was 
acetoxylated as described in Example 10, step (a) to afford 16 (pale yellow form). 
15 »H NMR (300 MHz, CDCI3): 6 0.83 (d, J = 7. 1 Hz, 3, CH^). 0.95 (s, 3. CH,), 2.27 

(s, 3. COCH3). 2.55 (d, J = 17.0 Hz. 1). 3.09 (dd, J= 6.7. 17.0 Hz. 1), 5.18 (m. 2). 6.12 
(dd, J = 10.7, 17.3 Hz, 1), 6.77 (d, J = 2.5 Hz, 1, ArH). 6.83 (dd, J = 2.5, 8.5 Hz, 1, 
ArH), 7.27 (d, J = 8.5 Hz, 1 , ArH). 

By the procedure described in Example 10, step (b), 0.98 g of(£)-3-acetoxy-7a- 
20 methyl-21-bromo-19-norpregna-l,3,5(10), 17(20)-tetraene (19) was obtained from 16 as 
a gum (72% yield). 

•H NMR (300 MHz, CDCI3): 6 0.81 (s, 3, CH3), 0.85 (d. J = 7. 1 Hz. 3, CH3), 2.27 
(s. 3. COCH3). 2.57 (d. J = 16.8 Hz, 1), 3.10 (dd, J = 6.6, 16.8 Hz, 1). 4.02 (d, J = 8.5 
Hz, 2), 5.42 (m, 1), 6.78 (d, J = 2.3 Hz, 1, ArH), 6.84 (dd, J = 2.3, 8.8 Hz, 1, ArH), 7.29 
25 (d, J = 8.8 Hz, 1. ArH). 

(b) Synthesis of (£)-3-Hydroxy-7a-methyl-2 1 -[2'-(N,N-dimethylamino)ethoxy]- 
1 9-norpregna- 1,3,5(1 0), 1 7(20)-tetraene (22): 

By the procedure described in Example 10, step (c), 0.1 1 g of 22 was obtained as a 
white solid (60% yield), m.p. 129-132 °C. 
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'H NMR (300 MHz, CDCl,): 6 0.78 (s, 3, CH,), 0.81 (d, J = 7.2 Hz, 3, CHj). 2.32 
(s, 6, NCCHjU 2.50 (d, J = 16.8 Hz, 2), '2.59 (t, J = 5.7 Hz, 2), 3.04 (dd, J = 6.6, 16.8 
Hz. 1). 3.56 (m. 2). 3.99 <in, 2). 5.22 (m, 1), 6.53 (d, J = 2.5 Hz. 1, ArH), 6.61 (dd, J = 
2.5, 8.4 Hz, 1, ArH). 7.15 (d, J = 8.4 Hz, 1, ArH). 

Example 12 

Preparation of (£^-3-hvdroxv~2-inethoxv-21>r2'-(>J N-dimethvlaminn^- 

ethQxyM9-norprcgna-1.3.5(10). 1 7f20)>tgtraCTC (23) 
(a) Synthesis of 3-acetoxy-2-methoxy-19-nor-17a-prcgna-1.3,5(10),20-tctraen- 
17-ol (20): 

By the procedure described in Example 10. step (a), with 2-niethoxyestrone (14), 
0.6 g, 2.0 nunol) substituted for estrone. 3-hydroxy-2-methoxy-19-nor-17a-pregna- 
l,3,5(10),20-tetraen-17-ol, was obtained as an oD. 

'HNNdR (300 MHz, CDCI3): 6 0.95 (s, 3, CH3). 3 84 (s, 3. OCH3), 5.17 (m, 2), 
6. 10(dd, J = 10.8. 17.4 Hz. 1), 6.63 (s, 1, ArH), 6.77 (s. 1, ArH). 

3-Hydroxy-2-methoxy- 1 9-nor- 1 7a-pregna- 1 ,3,5(1 0),20-tetraen- 1 7-oI was 
acetoxylated as described in Example 10, step (a) to afford 17 as a gum. 

'H NMR (300 MHz, CDClj): 6 0.96 (s, 3. CHj), 2.30 (s, 3. OAc), 3.80 (s, 3, 
OCH3). 5.18 (m, 2), 6.1 1 (dd, J = 10.7, 17.3 Hz, 1). 6.73 (s, 1. ArH). 6.88 (s. 1. ArH). 

By the procedure described in Example 10, step (b), 0.3 g of 20 was obtained from . 
17 as a gum (35% yield). 

•H NMR (300 MHz, CDCI3): 6 1.00 (s, 3. CHj), 2.29 (s, 3, COCH3), 3.80 (s. 3. 
OCH3), 5.30 (m, 2). 6.14 (m, 1), 6.73 (s, 1, ArH), 6.86 (s, 1. ArH). 

(b) Preparation of (£)-3-hydroxy-2-methoxy-21-[2'-(N,N-dimeth>1amino> 
ethoxy]-19-norpregna-I,3,5(l0), I7(20)-tetraene (23): 

By the procedure described in Example 10, step (c), 0. 15 g of 23 was obtained as a 
white solid (54% yield), m.p. 94-95 'C. 

'H NMR (300 MHz, CDCI3): 6 0.81 (s, 3, CH3), 2.29 (s. 6, NiCH,)^), 2.53 (t, J = 
5.8 Hz, 2), 2.77 (m, 2), 3.53 (t, J = 5.8 Hz, 2), 3.86 (s. 3, OCH3), 4.00 (m, 2), 5.24 (m, 1), 
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6.64 (s, 1, ArH), 6.80 (s, 1, ArH). HRMS calcd. for C^jH^^NOjCM*), 399.2773; found, 
399.2771. 

Example 11 

Preparation of r^-3-Hvdrnxv-21 -r2'-rN.N-dtethvlafninftWhnvy}- 
19-nQrDreena-1.3.S noV 17r20Vtetraeni> (id\ 
The amine 24, which was prepared from allylic bromide 18 (0.1 1 g, 0.26 mmol) 
and N,N-dimethyIethanoIamine (0.2 mL, 1.5 mmol) using the same prodedure as described 
for amine 21, was obtained as a white solid (0.074 g, 72%): 'H NMR (300 MHz, CDCI3) 
6 0.78 (s, 3, CH3), 1.24 (t. J = 7. 1 Hz. 6, N(CHjCH)a), 2.78 (m, 2) 3.00 (m. 6), 3.70 
(m,2), 3.96 (m,2). 5.14 (m, 1), 6.54 (d, J = 2.5 Hz, 1, ArH), 6.60 (dd, J - 2.5, 8.5 Hz. 1, 
ArH), 7. 11 (d, J = 8.5 Hz, 1. ArH). HRMS for C^jH^NOj (M*) calcd. 397.2981 found 
397.2985. 

Example 14 

Preparation of (g>-3-Hvdroxv-21-r2'-fN N-dimethvlamm»\- 
2-prQPOXvM9-norpregna-1.3.5no^. 17r20Vtetraene (n\ 
By the procedure of described in Example 10, step (c), (£>3^acetoxy-21-bromo- 
1 9-norpregna- 1,3,5(10), 1 7(20)-tetraene (18, 0.15 g, 0.37 mmol) was reacted with 1- 
dimethylamino-2-propanoI (0.3 mL, 2.4 mmol) to afford 0.075 g of a 1:1 diastereomeric 
mixture of 27 as a white powder (53% yield). 

(diastereomer A) 'H NMR (300 MHz, CDCI3): 6 0.75 (s. 3, CH3), 1.17 (d, J = 6.2 
Hz, 3. CH3). 2.33 (s, 6, l^(CHy)^, 2.79 (m, 2), 3.68 (m. I), 4.01 (m, 2), 5.20 (m, 1), 6.54 
(d, J = 3.0 Hz, 1, ArH). 6.60 (dd, J = 3.0, 8.3 Hz, 1, ArH), 7.10 (d,J = 8.3 Hz, 1, ArH); 

(diastereomer B) 'H NMR (300 MHz, CDCI3): 6 0.75 (s, 3, CH3), 1. 18 (d,J = 6.2 
Hz, 3, CH3), 2.33 (s, 6, MCHj)^), 2.79 (m, 2), 3.68 (m, 1), 3.90 (dd,J = 5.6, 1 1.5 Hz, 1), 
4.12 (dd,J = 7.7, 11.5 Hz, 0, 5.20 (m, 1). 6.54 (d, J = 3.0 Hz, 1. ArH), 6.61 (dd, J = 3.0, 
8.3 Hz. 1, ArH), 7. 12 (d, J = 8.3 Hz, 1, ArH). 
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Example 15 

Preparation of rZ>-3-HvdrQxv-21-r2'-rN N-dimethvlaminoV 
ethoxy]-! 9-norpregna-l ,3. Sn OX 1 7r20Vtetraene ^32) 




Scheme 5 



(a) Preparation of ethyl (£)-and (Z)-3-/er/-butyIdimethyIsilyIoxy -19-norpregna- 
1,3.5(10), 17(20)-tetraen-21-oate (28) and (29): 

To a solution of triethyl phosphonoacetate (2.24 g, 10.1 mmol) in THF (30 mL) 
under argon at room temperature was added a potassium r-butoxide in THF (9. 1 mL, 9. 1 
mmol). After stirring for l.O h, 3-/er/-butyI dimethylsilyloxy estrone (2, 1.75 g, 4.55 
mmol) in THF (10 mL) was added, and the solution was heated to reflux overnight. The 
reaction mixture was poured into saturated aqueous NaHCO^ and extracted with 40% 
ethyl acetate/hexane. The combined organic layers were dried (MgS04), the desiccant 
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was filtered, and the solvent was concentrated to afford the mixture of E and Z isomers, 
23 and 29, as a yellow solid. Chromatography (hexane; 2.5% EtOAc) afforded 1.4 g of 
the E isomer 28 (68% yield), and 0.2 g of the Z isomer 29 (10% yield). 

(2«): m.p. 109-1 10 "C; 0.56 (10% EtOAc/ hexane): 'H NMR (300 MHz, 
CDClj): ft 0.19 (s. 6, Si(CH,)j), 0.86 (s. 3, CH,). 0.98 (s, 9. SiQCH,),), 1.29 (t, J = 7.1 
Hz, 3, CO^CHjCHO. 4.16 (q, J = 7.1 Hz, 2, CO^CHjCHa), 5.59 (t, J = 2.4 Hz, 1), 6.56 (d, 
J = 2.6 Hz, 1, ArH), 6.61 (dd, J = 2.6, 8.3 Hz, I, ArH), 7. 12 (d, J =. 8.3 Hz, 1, ArH). 

(29): m.p. 154-156 "C; 0.5 (10% EtOAc/hexane): 'H NMR (300 MHz, CDCI3): 
6 0.18 (s, 6. Si(CH,)j). 0.98 (s. 9. SiQCH,),), 1.04 (s. 3. CH,), 1.29 (t. J= 7.1 Hz, 3, 
COjCHjCH,), 4.14 (q, J = 7.1 Hz, 2, CO^CHjCHj), 5.68 (t, J = 2.0 Hz, 1), 6.55 (d. J = 
2.0 Hz, 1, ArH), 6.61 (dd, J = 2.0, 8.6 Hz, 1, ArH). 7. 12 (d, J = 8.6 Hz, 1, ArH). 

(b) Preparation of (Z)-3-terr-butyldimethylsilyloxy-21 -hydroxy- 1 9-norpregna- 
1,3,5(1 0),17(20)-tetraene (30): 

To a solution of (Z)-3-/er/-butyldimethylsilyloxy-19-norpregna-l,3,5(10),17(20)- 
tetraen-21-oate (29, 0.1 g, 0.22 mmol) in THF (5 mL) was added lithium aluminum 
hydride (0.015 g, 0.4 mmol) at O'C. After stirring for 1 h under argon, the reaction 
mixture was quenched with water. The white precipitate was removed by filtration and 
washed several times with 80% EtOAc/hexane. The filtrate was dried (MgSOJ, the 
desiccant was filtered, and the solvent was concentrated to afford 30 as a solid. 

'H NMR (300 MHz, CDCI3): 6 0.18 (s, 6, Si(CH3)j), 0.93 (s, 3, CH3), 0.98 (s, 9, 
SiC(CH,)j). 4.20 (m, 1), 4.34 (m, 1), 5.35 (m. 1). 6.55 (d, J = 2.7 Hz, 1, ArH), 6.61 (dd. J 
= 2.7, 8.3 Hz, 1, ArH). 7.1 1 (d, J = 8.3 Hz, 1, ArH). 

(c) Preparation of (Z)-3-/e/-/-butyldimethylsilyloxy-2 1 -bromide- 19-norpregna- 
1 ,3,5( 1 0, 1 7(20)-tetraene (31): 

To a solution of (Z>3-/e/-/-butyldimethyl5ilyloxy-21 -hydroxy- 19-norpregna- 
l,3,5(10),17(20)-tetraene (30) in toluene (10 mL) was added pyridine (0.04 mL, 0.49 
mmol) and PBrj in CHjCIj (0.24 mL, 0.24 mmol) at -78»C under argon. After stirring for 
2 h, the reaction mixture was quenched by pouring into ice water, and extracted with 40% 
ethyl acetate/hexane. The organic layer was washed with saturated aqueous NaHC03 and 
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with brine, and dried (MgSOJ. The desiccant was filtered and the solvent was 
concentrated to afTord 31 as a gum. 

»H NMR (300 MHz. CDCI3): 6 0.18 (s, 6. SiCCHj)^), 0.85 (s, 3. CH3), 0.98 (s, 9. 
SiCXCHj),). 4.19 (m, 2), 5.48 (m, 1), 6.55 (d. J = 2.5 Hz. 1, ArH). 6.61 (dd, J = 2.5, 8,5 
5 Hz, 1, ArH), 7.12 (d, J = 8.5 Hz, 1. ArH). 

(d) Preparation of (Z)-3-Hydroxy-21-[2'-(N,N-dimethylamino)ethoxy]-19- 
norpregna- 1, 3,5(1 0),17(20)-tetraene (32): 

To a solution of N,N-dimethylethanolaniine (0.15 mL, 1.3 mmol) in THF (2 mL) 
at CC under argon was added potassium hexamethyldialazide in toluene (2.0 mL, 1.0 
10 mmol). After stirring for 5 min., the reaction mixture was cooled to -78*'C and (Z)-3-/en- 
butyldimethylsilyloxy-2 1 -bromide- 19-norpregna-l, 3,5(1 0,17(20)-tetra(5ne (31, 0.1 g, 0.21 
mmol) in THF (2 mL) was added. The solution was wanned to O'C for 20 min., then 
poured into saturated aqueous NaHCO, and extracted with 80% ethyl acetate/hexane. 
The combined organic layers were dried (MgSOJ, the desiccant was filtered and the 
15 solvent was concentrated to afford a gum. To a solution of the gum in CHjCN (2 mL) 
and pyridine (1 mL) was added HF-pyridinc (1.0 mL) at O'C. After stirring for 2 h, the 
cloudy solution was poured into water and extracted with 80% ethyl ac;etate/hexane. The 
combined organic layers were dried (MgSOJ, the desiccant was filtered and the solvent 
was concentrated to afford an oil. Flash chromatogra|>hy (ethyl acetate; 5% 
20 methanol/chlorofonn) afforded a white solid. Reciystallization (CHjCli) 0.023 g of 32 as 
white solid (28% yield fi-om 29). 

"H NMR (300 MHz, CDCI3): 6 0.88 (s, 3, CH3), 2.38 (s, 6. 1^(CH;)^, 2.66 (t, J = 
5.8 Hz, 2), 2.79 (m, 2), 3.58 (t, J = 5.8 Hz, 2), 4.06 (m, 1), 4.17 (m, 1), 5.22 (m, 1). 6.53 
(d, J = 2.4 Hz, 1. ArH), 6.59 (dd, J = 2.4. 8,2 Hz. 1, ArH), 7.09 (d, J = 8.2 Hz, 1, ArH). 



25 



The following scheme illustrates preparation of compounds (33) and (34) as 
described in Examples 16 and 17: 
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Example 16 

Preparation of fg^-3-Hvdroxv-21-rN-methvl-3-rR SV 
pvrTolidinoxvV19-norprepna-1.3Sri0\17r20Vtetraener33^ 
To a solution of l-methyl-3-pyrrolidinoI (500/zL, 4.55 mmol) in dry THF (6 mL) 
at CC under argon was added a 0.5 M solution of potassium bis(trimethylsilyl)-amide in 
toluene (8.3 mL, 4.15 mmol), and stirred for 5 min. The solution was cooled to -78 °C 
and a solution of the allylic bromide, (£)-3-acetoxy-21-bromo-I9-norpregna- 
1,3,5(10), 17(20)-tetraene (18, 333 g, 823 Azmol) in dry THF (5 mL) was added, and the 
reaction mixture was warmed to O'C for 30 min. The cloudy yellow solution was poured 
into saturated aqueous NaHCO, and extracted with ethyl acetate. The organic layer was 
dried (NajSOJ and evaporated to an oil. Flash chromatography (5-10% 
methanol/dichloromethane) gelded the desired amine 33 as an off-white foam (0.025 of 
7.9%). 

'H NMR (300 MHz, CDCI3): 6 0.73 (s, 3, CH3), 1.10-1.54 (m, 7), 1.72-2.38 (m. 
8), 2.56 (s, 3. NCH3). 2.67-2.91 (m, 4), 3.02 (m, 1). 3.21 (m, 1), 3.7 (brs, 1), 3.89 (m, 2), 
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4.12 (m, 1), 5.1 1 (m. 1). 6.49 (d, J = 2.6 Hz, 1, ArH). 6.57 (dd. J = 2.6, 8.3 Hz, 1, ArH), 
7.04 (d, J = 8.3 Hz, 1, ArH). 

Example 17 

5 Preparation of rgW3-Hvdroxv-21-fN-methvl-2fSV 

pvrrolidtnvlmethQxv1-l 9-norpreena-l .3.5^101. 1 7f20Vtetraene r34> 
The amine 34 was prepared from the allylic bromide (£)-3-acetc>xy-21-bromo-19- 
norpregna-l,3,5(10),17(20)-tetraene (0.2 g, 496 Atmol) and (S)-l-methyI-2- 
pyrrolidinemethanol (3 14 mg, 2.73 mmol) using the same procedure as described in 
10 Example 16 for the preparation of amine 33 to give a white solid (0.070 g 36%): m.p. 
175-177-C. 

'HNMR (300 MHz, CDCIj): 6 0.72 (s, 3, CH3). 1.07.1.98 (m, 13), 2.05-2.45 (m, 
9, includes s, 2.35, NCH3), 2.76 (m, 2), 2.97 (m, 1), 3.30 (dd, J - 6, 8 Hz), 3.43 (dd. J - 6, 
12 Hz), 3.6 (br s, 1), 3.91 (m, 2), 5. 12 (m, 1), 6.48 (d, J = 2.6 Hz, 1. ArH). 6.52 (dd, J - 
15 2.6, 8.3 Hz, 1, ArH, 7.05 (d,J = 8.3 Hz, 1, ArH). 



The following scheme illustrates preparation of compounds (35) and (36) as 
described in Examples 18 and 19: 




Scheme 7 36 



wo 99/33859 



PCTAJS98/27406 



-69- 

Example 18 

P reparation of r;r^- t-Hvrfroxv-2-N N-dimethvlaminomethvl-21- 
[^'-OT N'-dimethvlaminoVet h nyvl- 1 9-norDregna- 1 .3 . 5f 1 0> 1 7r20)-tetraeng r?5) 
To a stirred solution of 100 mg (0.27 1 mmol) of (£)-3-Hyd^oxy-21-[2- 
5 (diinethylaiiiino)ethoxy]-19-norpregna-l,3,5(10),17(20)-tetraene 21 in 3 mL of benzene 
and 5 mL of ethanol was added 10 mg paraformaldehyde, and 0.054 g (0.528 mmol) of 
N,N,N',N'-tetramethyldiaminoethane, and the mixture was heated at 85 "C for 15 h under 
argon. Then, the reaction mixture was cooled, volatUes were removed under high 
vacuum, and the residue was subjected to chromatography (silica gel, 5-10% 
10 MeOH/CHClj) to afford 0.077 g (67%) of 35. 

•H NMR (CDCI3, 300 MHz): 6 0.80 (s. 3H). 2.32 (2, 12H). 2.57 (t, 2H. J = 5.8 
Hz). 2.82 (brd. 2H), 3.50-3.70 (m, 4H), 4.00 (t, 2H, J = 5.8 Hz), 5.22 (m, IH), 6.56 (2, 
IH), 6.89 (s, IH). MS (DCI) calculated for CHNO, 427; found, 427 (M+H; 100%). 

IS FrTtampIg 19 

Preparation of l-Hvdr6xv -2-N N-dimftthvlaminomethvl-21- 
p'-nsT Tsr-dimethylamino'tetb nwl-1 9-norpregna-1.3.5f lO^tricne (3^) 
To a stirred solution of 0.040 g (0.09 mmol) of (£)-3-hydroxy-2- 
dimethylaminomethyl-2 1 -[2-(dimethylamino)ethoxyl- 1 9-norpregna- 1 .3. 5(1 0, 1 7(20)- 
20 tetraene 35 in 4 mL of ethanol was added 5 mg of 10% pafladium on carbon, and the 

mixture was stirred at room temperature under hydrogen for 14 h, filtered over cdite pad, 
washed with ethylacetate, and the filtrate evaporated at room temperature to fiimish a 
residue which was chromatographed (10% MeOH/CHCIa) to afford 0.039 g (96%) of the 
product 36. 

25 'H NMR (CDCI3. 300 MHz): 6 0.62 (s. 3H), 2.32 (s. 6H), 2.42 (s, 6H), 2.65 (t, 

2H, J = 5.8 Hz). 3.40-3.70 (m, 6H), 6.57 (s, IH), 6.88 (s, IH). MS (DCI) calculated for 
CHNO. 429; found, 429 (M+H. 100%). 
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I 




45 



Scheme 8 continued 

Example 2Q 

20 Preparation of 3-Hvdroxy-l lg-[2'-r2"-N N-dimethvlaminoethoxv- 

ethvlideneVl 3 SnoVIT-estrone (45^ 
(a) Preparation of 3-/crr-butyIdiphenylsilyloxy-17-ethylenedioxyestra-l,3,5(10)- 
trien-ll-ol (38): 

To a stirred solution of 6.3 g (0.019 mol) of 3-hydroxy-17-ethylened^oxyest^a- 
25 1,3,5(10)-] l-ol (37) in 20 mL anhydrous DMF were added 2.86 gm (0.042 mol) of 

iniidazole, and 5.46 gm (0.021 mol) of /er/-butyldiphenylsilyl chloride sequentially at room 
temperature under argon, and the mixture was stirred at 60''C for 24 h, cooled to room 
temperature, diluted with water, and extracted with ether. The combined organic extract 



wo 99/33859 



PCT/US9IW27406 



-72- 

was washed with water, brine, and dried (NajSOJ. Evaporation of the solvent furnished a 

foam, which was chromatographed (30% ethyl acetate/ 

hexanes) to afford the 6.5 gm (60%) of the intermediate 38 as a white soKd. 

»H NMR (CDCla, 300 MHz): 5 0.87 (s, 3H), 1.17 (s, 9H), 2.69 (brd, 2H), 3.85- 
3.98 (m, 4H), 4. 15 (m, IH), 6.60 (m, 2H), 7.34-7.48 (m, 6H). 7.69 (d, IH, J = 8.5 Hz), 
7.80 (m, 4H). 

(b) Preparation of 3-ter/-ButyldiphenylsiIyloxy-17-ethyienedioxyestra- 1,3,5(1 0)- 
trien-1 1-one (39): 

To a stirred solution of 1.5 mL (16.5 mmol) of oxalyl chloride in 15 mL of freshly 
distilled dichloromethane was added dropwise 2.35 mL (33.0 mmol) of dimethyl sulfoxide 
at -65 °C (chloroform/dry ice bath) under argon atmosphere. After 10 minutes, a solution 
of 6.2 gm (10.9 mmol) of 3-rer/-butyldiphenylsilyloxy-I7-ethylenedioxyestra-l,3,5(10> 
1 l-ol 38 in 15 mL of dichloromethane was added dropwise, and the reaction mixture was 
stirred for 40 minutes at the same temperature. Then, a 12 mL (87.3 mmol) of 
triethylamine was added at -65 °C, slowly allowed to attain room temperature, washed 
with saturated NH4CI solution, water, brine, and dried (Na^SO^). Evaporation of the 
solvent furnished a gum, which was chromatographed (15% ethyl acetate/hexanes) to 
afford 5. 1 8 g (84%) the product 39. 

•H NMR (CDCij. 300 MHz): 6 0.91 (s, 3H). 1.16 (s, 9H), 2.88 (d, IH, J = 12.7 
Hz), 3.50 (d. IH), 3.80-4.00 (m, 4H), 6.59 (brd, IH), 6.65 (brd, IH), 7.13 (d, IH, J= 8.5 
Hz), 7.40 (m, 6H), 7.70 (m, 4H). MS (DCI) 584 (M+NH4. 100%), 567 (M+H. 30). 

(c) 3>ter/-Butyldiphenylsilyloxy-l Ia-(l-ethe^yl)-17-ethyIenedioxyestra-l,3,5(10)- 
trien-lIP-ol(40): 

A 3.28 gm (1.76 mmol) of cerium (III) chloride heptahydrate wjis taken in a round 
bottom flask, and was heated under high vacuum at 120'"C for 2 h, cooled to room 
temperature under argon. Then, a 10 mL of dry THF was added, and the suspension was 
stirred for 1 h until a milky white suspension persisted. The flask was cooled to -78 "C. 
and a I M solution of 5.28 mL (5.28 mmol) of vinylmagnesium bromide was slowly added 
under argon, and the mixture was stirred for 1 h at the same temperature. Then, a solution 
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of 3.28 gm (8.8 mmol) of 3-/er/-butyIdiphenyI-siIyIoxy-17-ethylenedioxyestra-l,3,5(10)- 
1 1-one 39 in 20 mL THF was added dropwise at -78'C, the mixture was stirred at -40''C 
(acetonitrile/dry ice bath) for 3h, quenched with saturated NH4CI solution, extracted with 
ether. The combined ether layers were washed with water, brine and dried (Na2S04). 
S Evaporation of the solvent furnished 0.860 mg (82%) of the product 40 as a ^te solid. 

>H NMR (CDCI3, 300 Kfflz) 6 :1.10 (s, 9H), 1.16 (s, 3H), 3.80-3.95 (m, 4H), 5.10 
(d, IH). 6.62 (d. IH). 7.40 (m, 6H), 7.68 (d, IH), 7.78 (m. 4H). MS (DCI): 612 (M+NH*, 
100%), 595 (M+H. 10). 

(d) 3-/er/-ButyIdiphenylsilyloxy- 1 lj&-(2-chloroethylidene)- 1 7-ethylene- 
10 dioxyestra-l,3,5(10)-triene(41): 

To a stirred solution of 0.80 g (1.34 nunol) of the 3-/er/-butyldiphenylsilyloxy- 
1 la-(l-ethenyl)-17-ethylenedioxyestra-l,3,5(10)-trien-l ip-ol 40 (0.689 g, 3.35 mmol) of 
di-/er/-butyl-4-methyl pyridine in 1 5 mL dry dichloromethane was added dropwise 0. 17 
mL (1.61 mmol) of vanadium tetrachloride at -20''C under argon. The mixture was stirred 

15 for 3h while allowing it to attain room temperature. The nuxture was washed with water, 
brine, and dried (Na^SOJ. Evaporation of the solvent furnished a residue, which was 
chromatographed (10% ethyl acetate/hexanes) to give 0.263 g (32%) of the product 41: 
'H NMR (CDCI3. 300 MHz): 6 0.80(5, 3H). 1.10 (s. 9H), 3.10 (d, IH, J = 2.7 Hz, 3.92 
(m, 4H). 4.00-4.24 (m, 2H). 5.69 (5, IH, J = 8.5 Hz), 6.62 (m, 2H), 6.95 (d, IH. J = 8.5 

20 Hz), 7.40 (m, 6H), 7.72 (m, 4H). MS (DCI): 630 (M+NH4, 20%), 613 (M+H, 40), 577 
(M+H-HGI, 100). 

(e) Preparation of 3-/er/-butyldiphenyIsilyloxy-l l£-(2'-acetoxyethyIidene)-17- 
ethylenedioxyestra-l,3,5(10)-triene (42): 

To a stirred solution of 0.3 g (0.49 mmol) of the 3-/er/-butyldiphenylsilyloxy-l lE- 
25 (2'-chIoroethylidene> 1 7-ethylenedioxyestra- 1 ,3,5( 1 0)-triene 4 1 in 5 mL anhydrous DMF 
was added 0.482 g (4.89 mmol) of potassium acetate, and the mixture was stirred at room 
temperature for 24 h, poured into water, and extracted with ether. The combined organic 
extract was washed with water, brine, and dried (NajSOJ. Evaporation of the sqlvent 
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fumished a residue, which was chromatogr^hed (15% ethylacetate/hexanes) to give 
0. 1 62 g (52%) of product 42. 

*H NMR (CDCI3, 300 MHz): 6 0.80 (s, 3H). 1.10 (s, 9H), 2.00 (s, 3H), 2. 16 (d; 
IH, J = 12.2 Hz). 3.07 (d, IH, J = 10.4 Hz), 3.95 (m. 4H), 4.54 (dd, IH, J = 12.4 Hz, J - 
6.44 Hz). 4.71 (dd, IH, J - 12.4 Hz, J = 6.44 Hz), 4.71 (dd, IH. J = 12.4 Hz. J = 7.40 
Hz). 5.48 (t. IH. J = 6.7 Hz), 6.54 (m, 2H), 6.96 (d, IH, J = 9.5 Hz), 7.40 (m, 6H), 7.74 
(m, 4H). MS (DCI): 654 (M+NH«, 100%), 577 (M-HOAc+H, 80). 

(f) Preparation of 3-/er/-butyldiphenylsiIyIoxy-l l£^-(2'-hydroxyethyiidenc)-17- 
ethylenedioxyestra- 1 ,3,5(1 0)-tnene (43): 

To a stirred soiution of 0.06 g (0.094 mmol) of 3-/«rt-butyldiphenylsilyloxy-ll£:- 
(2'-acetoxy ethyUdene)-17-ethylenedioxyestra-l,3,5(10)-triene 42 ir; 3 mL methanol was 
added few drops of 3% solution of sodium methoxide in methanol, imd the mixture was 
stirred at room temperature for 3 h, quenched with saturated NH4CI solution, 
concentrated at room temperature, the residue was suspended in water, and extracted with 
ethyl acetate. The combmed organic extract was washed with water, brine, and dried 
(Na2S04). Evaporation of the solvent furnished a residue, which was chromatographed 
(20% ethyl acetate/hexanes) to give 0.056 g (96%) of the product 43. 

•H NMR (CDCI3, 300 MHz): 6 0.70 (s, 3H). 0.98 (s, 9H). 2.98 (d, IH. J 12.7 
Hz), 3.80 (m, 4H), 3.95-4.22 (m, 2H), 5.48 (t, IH, J = 6.8 Hz). 6.45 (m. 2H), 6.90 (d, IH, 
J - 8.5 Hz), 7.30 (m, 7.65 (m, 4H). 

(g) Preparation of 3-hydroxy-l l£'-[2'-(2"-N,N-dimethylaminoethoxy-ethyIidene)- 
1,3,5(1 0)-l 7-estrone (45): 

To a suspension of 1 13 mg (2.83 mmol) of sodium hydride (60% in paraffin) in 3 
mL anhydrous DMF was added 40 mg (0.283 mmol) of 2-chloroethylamine hydrochloride 
at 0*'C, and the mixture was stirred for 10 minutes. Then, a solution of 54 mg (0.09 
mmol) of 3-terr-butyldiphenyIsilyIoxy-l liEr-(2'-hydroxy ethylidene)-17-ethy]enedioxyestra- 
l,3,5(10)-triene 43 in 3 mL of anhydrous DMF was added dropwise, and the mixture was 
heated at SO'C under argon for 2 h, cooled, diluted with water, and extracted with ether. 
The combined organic extract was washed with water, brine, and dried (NajSOJ. 
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Evaporation of the solvent furnished 3-terr-butyldiphenylsilyloxy-l l^-[2'-(2"- 
dimethylaminoethoxyethylidene>17-cthylene-dioxyestra-l,3,5(10>triene 44, to which was 
added 10 mL of 3% methanolic hydrogen chloride. The mixture was stirred for 3 h at 
room temperature, quenched with aqueous NH4CI solution, concentrated at room 
5 temperature, and the residue was partitioned between water and ethyl acetate, and the 
layCTS were separated. The aqueous phase was extracted with ethyl acetate, which was 
washed with water, brine, and dried (NajSOJ. Evaporation of the solvent furnished a 
residue which was chromatographed (10% MeOH/CHCIj) to afford the product 45. 

•H NMR (CDCI3, 300 MHz): 6 0.87 (s, 3H), 2.35 (s, 6H), 2.75 (t, 2H, J = 5.7 
16 Hz), 2.89 (d, IH, J = 12.7 Hz), 3.10 (d, IH, J = 9.77 Hz), 4;04 (dt, 2H, J = 5.70 Hz, J = 
5.7 Hz), 2.89 (d, IH, J = 12.7 Hz), 3.10 (d, IH, J = 9.77 Hz), 4.04 (dt, 2H. J = 5.70 Hz, J 
= 1.22 Hz), 4. 14 (dd, IH, J = 12.6 Hz, J = 6.3 Hz). 4.34 (dd, IH, J = 12.6 Hz, J = 7.12 
Hz). 5.68 (t, IH, J = 6.8 Hz). 6.7 (d. IH, J = 2.7 Hz), 6.75 (dd, IH. J = 2.7 Hz, J = 8.79 
Hz). MS (DCI): 384 (M+H, 100%). 

15 

The following scheme illustrates the preparation of compounds 13, 46, 47, 47a and 
47b as described in Example 21. 
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47b 



Scheme 9 
Example 21 

Preparation of fiE:>-3-Tetrahvdropvranvloxv-7g- m ethvl-W-norpregna- 
IJ.g nO) 17r20Vfetraene (47») and (g>-3-Tetrahvdmnvranvrn w.7g-methvl-i9- 
nofpreena- 1.3.5 n0Vtriene-21.nare r47h^ 
(a) Preparation of 7a-Methylestrone (13): To a solution of 1 14 g of 7a- 
methylandrost-4-ene-3,17-dione 45a in 1,500 mL of glacial acetic acid was added 106 g of 
CuCl2. The mixture with stirring was heated to 60-C for 72 h. The reaction mixture was 
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poured into HjO (500 mL reaction mixture to 3,500 mL H2O) and the precipitate 
collected by filtration and air dried for 18 h. The solid was dissolved in methylene chloride 
(2 L) and washed with sat. NaHC03 (2 L), HjO (2 L), and sat. NaCl (2 L). The 
methyloie chloride solution was dried over MgS04, and filtered. The methylene chloride 
solution was filtered (suction chromatography) through 1.5 kg of flash chromatography 
silica gel 60 (230-400 mesh). The pad of silica gel was fiirther eluted with additional 
MeCl2. The MeCl2 solutions were combined and then treated with Norite, filtered 
through a pad of celite and then after evaporation at reduced pressure there was obtained 
91.3gofpurel3(82%). 

(b) Preparation of 3-TetrahydropyranyIoxy-7a-methylestra-19-norpregna-l,3»5 
(10)-trien-17-one (46): 

To a mixture of 7a-methyl estrone 13 (8.18 g, 28.8 mmol) and DHP (4.0 mL, 43.9 
mmol) in CHjCIj (100 mL) at 0°C under argon was added a catalytic amount ofp-TsOH, 
and the reaction mixture was stirred for 1 h. The reaction mixture was poured into 
saturated aqueous NaHCO, and extracted with CHjCl,. The combined organic layers 
were dried over anhydrous MgS04, filtered, and concentrated to afford a pale yellow 
solid. Flash chromatography (5%; 10% EtOac/hexane) yielded ether 46 as a white solid 
(10. 12 g, 95%): 'H NMR (300 MHz, CDCI3): 6 0.88 (d, J=7.0 Hz, 3, CH3), 0.90 (s, 3, 
CH3), 5,39 (m, 1), 6.78 (d, J=2.5 Hz, 1, ArH), 6.85 (dd, J=2.5, 8.5 Hz, 1, ArH), 7.19 (d, 
J=8.5 Hz, 1, ArH). 

(c) Preparation of Ethyl (£>3-Tetrahydropyranyloxy-7a-methyl-19-norpregna- 
1,3,5 (I0),17(20)-tetraen-21-oate (47): 

To a solution of 46 (10. 12 g, 27.46 mmol) and triethyl phosphonoacetate (28 mL, 
141.1 mmol) in EtOH (130 mL) and THF (30 mL) under argon at 40-45-C was slowly 
added a 21wt% solution of sodium ethoxide in EtOH (52.3 mL, 140 mmol), and the 
solution was heated to reflux overnight. The reaction mixture was cooled to room 
temperature and concentrated under reduced pressure. The mixture was then diluted with 
water and extracted with ether. The combined organic layers were dried over anhydrous 
MgS04, filtered, and concentrated to afford a yellow gum. Chromatography (5%; 1 0% 
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EtoAc/hexane) gave ester 47 as a white foam (1 1 g, 91%): 'H NMR (300 MHz, CDCI3): 
6 0.85 (d, J=7.0 Hz, 3, CH3), 0.87 (s, 3, CH3), 1.30 (t, J=7.1 Hz, 3 CO^CHjCH,), 2.89 
(m, 2), 3.10 (m, IX 3.60 (m, 1), 3.94 (m. 1), 4.17 (q, J=7.1 Hz, 2, CO2CH2CH3), 5.40 (m, 
1), 5.59 (m, 1), 6.77 (d, J=2.5 Hz, 1, ArH), 6.86 (dd, J=2.5, 8.7 Hz, 1, ArH), 7.21 (d, 
5 J=8.7 Hz, 1. ArH). 

(d) Synthesis of (£)-3-Tetrahydropyrany!oxy-7a-methyl-21-hydroxy-19- 
norpregna-l,3,5(10),17(20)-tetraene (47a): To a solution of ester 47 (1 1 g, 25 mmo!) in 
THF (200 mL) was added a 1.0 M solution of DIBAL in heptane (60 mL, 60 nunol) at - 
78*C under argon, and the reaction mixture was warmed to O'C and stirred for 1.5 h. 

10 Methanol (5 mL) and water were added at 0'*C, and the solution was warmed to room 

temperature and stirred for 30 nun. The cloudy solution was extracted with EtOAc. The 
combined organic layers were dried over anhydrous MgS04, filtered, and concentrated to 
afford allyUc alcohol 47a as a white solid (9.63 g, 97%): *H NMR (300 MHz, CDCI3): 8 
0.82 (s, 3, CH3), 0.85 (d, J=7.0 Hz. 3, CH3). 3.09 (m, I), 3.60 (m, 1). 3.95 (m, 1), 4.15 

15 (m, 2), 5.30 (m. 1). 5.39 (m, 1), 6.78 (d, J=2.2 Hz, 1, ArH), 6.85 (dd, J=2.2, 8.4 Hz, 1, 
ArH), 7.22 (d, J=8.4 Hz, 1, ArH). 

(e) Preparation of Ethyl (jEr)-3-tetrahydropyranyloxy-7a-methyl-19-norpregna- 
l,3,5(10)-trien-21-oate (47b): A solution of 33.4 g of 47 in 450 ml- of ethanol containing 
25 mL of triethylamine and 2 .0 g of 5% palladium of calcium carbonate in a 1 L flask was 

20 hydrogenated on a Parr shaker for 1 8 h. The catalyst was removed by filtration through a 
bedofcelite. Additional ethanol was used to wash the bed of celite. The ethanol 
solutions were combined and evaporated to dryness under vacuum to afford 33.5 g 
(quantitative) of 47b as a clear oil. 

25 The following scheme illustrates the preparation of compounds 48, 50 and 51 as 

described in Examples 23-25. 
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Example 22 

Preparation of the citrate of(EX3.hvdroxv^7a^methyU7 l.\T^T^. 

diethv1ainino^ethQxvV19-norpreyna-l 3 5 f10V17r20V.tgtra«»nff (dH\ 
(a) Preparation of (E)-3-Hydroxy-7o-methyI-21-[2'-{N,N-diethyIamino)-ethoxy]- 
19-norpregna- 1,3,5 (10),17(20)-tetracne (25): 

To a suspension of NaH (25.0 g, 625 nunol) in DMF (50 mL) at O'C under argon 
was added 2-N,N-diethylaniinoethyI chloride hydrochloride (8.5 g, 49.4 mmol) in portion 
and stirred until no hydrogen was released. The reaction mixture wsis warmed to room 
temperature and aliylic alcohol 47a (6.5 mL, 16.5 mmol) in DMF (30 mL) was added, and 
stirred for 10 min. /1-BU4NI (0.7 g, 1.9 mmol) was added and the resiction mixture was 
heated to 70 for 2.5 h. The reaction mixture was slowly quenched with HjO at room 
temperature and extracted with ethyl acetate. The combined organic layers were dried 
over anhydrous MgS04, filtered, and concentrated to afford THP ethier of 25 as a crude 
gum (8.5 g). 

To a solution of THP ether (8.5 g) in MeOH (80 mL) at room temperature was 
added /t-TsOH (3.4. g. 18 mmol) and stirred for 10 min. The reaction mixture was diluted 
with water (150 mL) aiid methanol was evaporated under reduced pressure. The cloudy 
mixture was poured into saturated aqueous NaHCOj and extracted vdth ethyl acetate. 
The combined organic layers were dried over anhydrous MgS04, filtered, and 
concentrated to afford a white solid. Flash chromatography (5% methanol/chloroform) 
yielded amine 25 as a white solid (5.76 g, 85% for two steps): 'H NMR (300 MHz, 
CDCI3) 6 0.79 (s, 3, CH3), 0.82 (d, J = 7.0 Hz, 3. CH3), 1.08 (t, J = 7.2 Hz, 6, 
N(CHjCH3)2), 2.50 (d, J = 16.5 Hz, 1), 2.68 (t, J = 7.2 Hz, 4, 'NiCH^.CU,)^, 2.76 (t, J = 
6.3 Hz, 2), 3.05 (dd, J = 5.5, 16.5 Hz, 1), 3.59 (m, 2), 3.99 (m, 2), 5.21 (m,l), 6.54 (d, J = 
2.7 Hz, 1, ArH), 6.62 (dd, J = 2.7, 8.3 Hz, 1, ArH), 7.15 (d, J = 8.3 Hz, 1, ArH). 

(b) Preparation of the citrate of (£)-3-hydroxy-7a-methyl-21-[2'-(N,N-diethyl- 
amino)-ethoxy]- 1 9-norpregna- 1,3,5(10),! 7(20)-tetraene (48): 

To a solution of amine 25 (0.13 g, 0.32 mmol) in 10 mL of MeOH at room 
temperature under argon was added citric acid (0.61 g, 0.32 mmol) and stirred for 15 min. 
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The solvent was evaporated under reduced presure and dried on pump overnight to afford 
the citrate salt 48 as a white solid in quantitative yield: 'H NMR (300 MHz, CD3OD) 6 
0.83 (d, J = 7.0 Hz. 3, CH,), 0.85 (s, 3, CH3), 1.3 1 (t, J = 7.1 Hz, 6, r^iCH^CU,)^, 2.72 
(d, J = 15.4 Hz, 2), 2.82 (d, J = 15.4 Hz, 2). 3.01 (dd, J = 5.7, 16.5 Hz, 1), 3.25 (t, J= 7.2 
Hz, 4, NCCHjCHj)^). 3.73 (m, 2), 4.07 (m, 2), 5.24 (m, 1), 6.46 (d, J = 2.5 Hz. 1. ArH), 
6.54 (dd, J = 2.5, 8.8 Hz, 1, ArH), 7.09 (d. J = 8.8 Hz. 1, ArH). 

Example 23 

Preparation of r£:>-3-Hvdroxv-7a-methvN21-f2'-r2"-fN.N-dimethvlaminnV 
ethoxvlethoxv>-19-norpregna-1.3 S (1 OV 1 7r20Vtetraene TSO'^ 

(a) Preparation of (£)-3-TetrahydropyranyIoxy-7a-methyl-2l-[2'-(hy<iroxy)- 
ethoxy]-19-norpregna-l,3,5 (10),17(20)-tetraene (49): 

A mixture of allylic alcohol 47a (1.0 g, 2.52 mmol), ethylene carbonate (0.33 g, 
3.78 mmol), and triethylamine (0.26 g, 2.52) in DMF (0.6 mL) was heated to 120 "C for 
overnight. The reaction mixture was cooled to room temperature and subjected to flash 
chromatography (30% EtOAc/hexane). The starting material 47a was recovered as a 
white solid (0.6 g), and the desired alcohol 49 was observed as a white foam (0.14 g, 32% 
based on recovered starting material): 'H NMR (30O MHz, CDCI3) 6 0.82 (s, 3, CH,), 
0.85 (d. J = 7.0 Hz, 3, CH3). 2.55 (dd, J = 5.5, 17.0 Hz, 1), 3.09 (m, 1), 5.25 (m, 1), 5.39 
(m,l). 6.77 (d, J = 2.5 Hz, 1, ArH), 6.85 (dd, J = 2.5, 8.7 Hz. 1, ArH), 7.21 (d. J = 8.7 
Hz, 1, ArH). 

(b) Preparation of (£)-3-Hydroxy-7a-methyl-2 1 - {2'-[2"-(N,N-dimethylamino)- 
ethoxy]ethoxy}-19-norpregna-l,3,5 (10),17(20)-tetraene (50): 

The amine 50, which was prepared from alcohol 49 (0.13 g, 0.30 mmol) and 2- 
dimethylaminoethyl chloride hydrochloride (0.15 g, I.O mmol) and deprotected using the 
same procedure as described for amine 25, was obtained as a white solid (0. 1 1 g, 85% for 
two steps): 'H NMR (300 MHz, CDCIj) 6 0.80 (s, 3, CH3), 0.83 (d, J = 7.0 Hz, 3, CH3), 
2.34 (s. 6, N(CH3)2). 3.05 (dd, J = 6.2, 16.4 Hz, 1), 3.62 (m, 6). 3.96 (m, 2), 5.22 (m, 1). 
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6.54 (d, J = 2.5 Hz, 1, ArH), 6.63 (dd. J = 2.5, 8.0 Hz, 1, ArH), 7.16 (d. J = 8.0 Hz, 1, ArH). 
Example 24 

Preparation of(EV- and <'ZV3-Hvdroxv-7g-methvt-21-r2'-<'pvrrnnHtnv nmethoxv]. 
19-norpregna-1.3.5 nOY17r20Vtetraene (SU 
To a suspension of NaH (1 .0 g, 25 nunol) in DMF (30 mL) at O^C under argon 
was added 2-pyrrolidinemethyl diloride hydrochloride (1.29 mL, 7.56 nunol) in portion 
and stirred until no hydrogen was released. The reaction mixture wiis warmed to rt and 
allylic alcohol 46 (1.0 g, 2.52 nunol) in DMF (10 mL) was added, and stirred for 10 min. 
/1-BU4NI (0.22 g, 0.6 nunol) was added and the reaction mixture was heated to 120 "C 
overnight. The reaction mixture was slowly quenched with HjO at room temperature and 
extracted with ethyl acetate. The combined organic layers were dried over anhydrous 
MgS04, filtered, and concentrated to aiford black gum. The crude mixture was dissolved 
in MeOH and /t-TsOH was added until the solution was acidic. The reaction mixture was 
diluted with water and the methanol was evaporated under reduced pressure. The cloudy 
mixture was poured into saturated aqueous NaHCO, and extracted vrith ethyl acetate. 
The combined organic layers were dried over anhydrous MgS04, filtered, and 
concentrated to aiford a white solid. Flash chromatography (5% methanol/chloroform) 
3neided the E and Z isomeric mbcture (4:1) as a pale yellow solid (0.26 g, 25%): £ isomer 
of 51: »H NMR (300 MHz, CDCI3) 6 0.79 (s, 3, CH,). 0.81 (d, J = 7.0 Hz, 3, CHj). 2.46 
(s. 6, N(CEt^, 3.08 (m. 2), 3.40 (m. 1), 3.52 (m, 1), 4.00 (m, 2), 5.22 (m. 1), 6.53 (d, J 
= 2.5 Hz, 1, ArH), 6.62 (dd, J = 2.5, 8.6 Hz, 1, ArH), 7.15 (d, J = 8.6 Hz, 1, ArH). Z 
isomer of 51: 'H NMR (300 MHz, CDCI3) 6 0.76 (s, 3, CHj), 0.86 (d, J = 7.0 Hz. 3, 
CH3), 2.45 (s, 6, N(CH3)2), 3.59 (m, 1), 5.36 (m,l), 6.53 (d, J = 2.5 Hz, 1, ArH), 6.63 
(dd, J = 2.5, 9.0 Hz, 1. ArH). 7.14 (d, J = 9.0 Hz. 1, ArH). 
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The following scheme illustrates the preparation of compound 59 as described in 
Example 25. 
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Example 25 

Prenaration of rgW3-hvdroxv-7tt- and 7Q-ethvl-21-r2'-fMN-diethvlaminoV 
ethoxv1-19- norDregna-1.3.S nOVl7r20Vtetnienft (fi9\ 

(a) Prq)aration of Estra-4-€ne-3,17-dione (53): 

To a solution of 19-nortestosterone 52 (26.85 g, 97.85 mmol) in acetic acid (200 
nnL) was added a CrOj (7.4 g, 74 mmol) in acetic acid (ISO mL) and stirred for I h at 
room temperature. The reaction mixture was concentrated under reduced pressure to half 
of its initial volume, poured into 1 M hydrochloric acid (500 mL) an d extracted with 
EtOAc. The combined organic layers were washed with saturated aqueous NaHCO,, 
dried over anhydrous MgS04, filtered, and then concentrated to afford dione 53 as a wlute 
sohd (25.3 g, 95%): »HNMR (300 MHz. CDCIO 6 0.94 (s, 3, CH3). 5.85 (s, 1). 

(b) Preparation of Estra-4,6-diene-3,17-dione (54): 

To a solution of dione 53 (5.0 g, 1 8.36 mmol) and chloranil (5.4 g, 22 mmol) in 
dry ethanol (500 mL) was stirred at 60-65 "C for 2 h. The reaction mixture was 
concentrated under reduced pressure, and the residue was triturated with 
dichloromethane. The solid was removed by filtration, and the filtrate was concentrated to 
give a brown gum. Chromatography (20% EtOAc/hexane) yielded crude dione 54 as a 
yellow solid (2.3 g, 46%): 'HNMR (300 MHz, CDCI3) 6 0.94 (s, 3„ CH3), 5.78 (s, 1), 
6.25 (m, 2). 

(c) Preparation of a mixture of 7a-and 7p-ethyl-estr-4-ene-3,17-dione (55): 

To a mixture of [CuI(Bu3P)4 (15.7 g, 40 mmol) in THF (50 mL) was added a LO 
M solution of EtMgjBr in THF (40 mL, 40 mmol) at -30 °C, and stiiTed for 20 nun. The 
reaction mixture was cooled to -78 "C and diene 54 (3.5 g, 12.94 mmol) was added. The 
reaction mixture was warmed to -30 "C for 0.5 h, and poured into saturated aqueous 
NH4CI. The mixture was extracted with EtOAc. The combined organic layers were dried 
over anhydrous MgS04, filtered, and then concentrated to afford a solid. 
Chromatography (20% EtOAc/hexane) yielded dione 55 as a yellow solid (1.5 g, 39%). 
The major 7a-ethyl isomer of 55: 'H NMR (300 MHz, CDCI3) 6 0.89 (t, J = 7.0 Hz, 3, 
CH2CH3), 0.93 (s. 3, CHj), 2.60 (dd, J = 2.4. 14.3 Hz. 1), 5.85 (s. 1). 
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(d) Preparation of a mixture of 3-tetrahydropyranyIoxy-7a- and 7P-ethyl-estra- 
1,3,5 (I0)-trien-17-one (56): 

To a solution of enone 55 (0.35 g, 1.17 mmol) in acetonitrile (10 mL) was added a 
CuBr, (0.3 1 g, 1.4 mmol) and stirred overnight at room temperature. Water was added 
until disappearance of the green color, and the acetonitrile was removed under reduced 
pressure. The residue was extracted with EtOAc. The combined organic Iay«3 were 
dried over anhydrous MgS04, filtered, and the combined organic layers were washed with 
water; brine, dried over anhydrous MgSO^, filtered, and concentrated to aflford a gum. 
Chromatography (20% EtOAc/hexane) yielded estrone 56 as a yellow solid (0.28 g, 80%): 
The major 7a-ethyl isomer of 56: 'H NMR (300 MHz, CDCI3) 6 0.9L (s, 3, CH,); 0.95 (t, 
J = 7.3 Hz, 3, CH2CH3). 6.59 (d, J = 2.5 Hz. 1. ArH), 6.65 (dd, J = 2.5, 8.4 Hz, 1, ArH), 
7.13 (d, J = 8.4 Hz, 1, ArH). 

(e) Preparation of a mixture of ethyl (iS)-3-tetrahydropyranaloxy-7a- and 7p- 
ethyl-19-norpregna- 1,3,5(10), 17(20)-tetraen-21-oate (57) 

The corresponding THP ether of 56, which was prepared from estrone 56 (0.28 g, 

0. 94 nunol) and DHP (0.2 mL, 2.2 nmiol) using the same procedure as described for the 
ether, was obtained as a crude gum (0.4 g). 

The ester 57, which was prepared from crude THP ether of 56 (0.4 g) and triethyl 
phosphonoacetate (1.12 g, 5.0 mmol), using the same procedure as described for 
compound 47a, was obtained as a solid (0.34 g, 81% for two steps). The major 7a-ethyl 
isomer of 57: 'H NMR (300 MHz, CDCI3) 6 0.87 (s, 3, CHj). 0.93 (t, J = 6.6 Hz, 3, 
CHjCHa), 1.30 (t, J = 7.1 Hz, 3, COjCH^CH,). 2.40 (m, 2), 2.88 (m, 3), 3.60 (m, 1), 3.95 
(m, 1), 4.17 (q. J = 7. 1 Hz, 2, CO2CH2CH3). 5.39 (m, 1), 5.59 (m. 1), 6.79 (d, J = 2.5 Hz, 

1, ArH), 6.85 (dd, J = 2.5, 8.8 Hz, 1, ArH), 7.19 (d, J = 8.8 Hz, 1, ArH). 

(0 Preparation of a mixture of (£)-3-tetrahydropyrana]oxy -7a- and 7p-ethyl-21- 
hydroxy-19- norpregna-1,3,5 (10),17(20)-tetraene (58): 

The aliylic alcohol 58, which was prepared from ester 57 (0.34 g, 0.76 mmol) and 
DIBAL (2.0 g, 2.0 mmol) using the same procedure as described for compound 46, was 
obtained as a white solid (0.28 g, 89%). The major 7a-ethyl isomer of 58: 'H NMR (300 
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MHz, CDCl3)6 0.81 (s, 3, CH3), 0.93 (t, J = 7. 1 Hz, 3, CH^CHj), 2.39 (m. 4), 2.85 (m, 3), 
3.60 (m, 1), 3.95 (m, 1). 4.15 (m, 2), 5.30 (m. 1), 5.39 (m, 1). 6.79 (d, J = 2.5 Hz, 1, 
ArH), 6.85 (dd, J = 2.5, 8.7 Hz, 1, ArH), 7.21 (d, J = 8.7 Hz, 1, ArH). 

(g) Preparation of a mixture of (£>3-hydroxy-7a- and 7P-<jthyl-21-[2'-(N,N- 
5 dimethylamino)ethoxy]-19- norpr^gna-1,3,5 (10),17(20)-tetraene (59): 

The amine 59, which was prepared from alcohol 58 (0.28 g, 0.68 mmol) and 2- 
dimethylaminoethyl chloride hydrochloride (0.3 g, 2.1 nirool), and deprotected using the 
same prodedure as described for amine 25, was obtained as the 7aHSthyl and 7p-ethyl 
isomeric mixture (10:1) as a solid (0.21 g, 78% for two steps). The major 7a-ethyl isomer 
10 of 59: 'H NMR (300 MHz, CDCI3) 6 0.77 (s, 3, CH,), 0.84-1 .02 (m. 4). 2.42 (s, 6, 

N(CH,)3), 3.61 (m, 2), 3.99 (m, 2). 5.19 (m. 1). 655 (d, J = 2.6 Hz, 1, ArH)^ 6.62 (dd, J = 
2.6. 8.5 Hz, 1, ArH). 7. 12 (d, J = 8.5 Hz, 1, ArH). 



15 



The following scheme illustrates the preparation of compounds 67 and 68 as 
described in Example 26. 
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Example 26 

Preparation of (K) and rSV3-Hvdroyv-20- methvl-2K 
r2'-fN.N-diethvlamino^ethQxv1-l 9-nregna-l 3 sn OWriene (tisi\ 

(a) Preparation of 3-TetrahydropyranyIoxyestra-l,3,S (10)-trien-17-one (60): 
The THP ether 60, which was prepared from estrone 1 (6.3 g, 23.3 nimol) and 

DHP (3.0 g, 33 mmol) using the same procedure as described for compound 35, was 
obtained as a white solid (7.5 g, 91%): 'H NMR (300 MHz, CDCl,,) 6 0.91 (s, 3, CHj), 
2.89 (m, 2), 3.60 (m. 1). 3.92 (m, 1), 5.40 (m. 1), 6.81 (d. J = 2.5 Hz, 1, ArH), 6.86 (dd. J 
= 2.5, 8.5 Hz, 1, ArH), 7.20 (d, J = 8.5 Hz, 1, ArH). 

(b) Preparation of (E,Z)-3-tetrahydropyranyloxy-20-methyl -21 -hydroxy- 19- 
norpregna-l,3,5(10),17(20)-tetraene (62): 

To a solution of diethyl (l-cyanoethyl)phosphonate (3 .98 g, 20.81 mmol) in THF 
under argon at room temperature was added a 1.0 M solution of potassium /-butaoxide in 
THF (20 mL, 20 mmol), and stirred for 1.0 h. A solution of estrone 1 (3.0 g, 8.46 mmol) 
in THF (10 mL) was added, and the solution was heated to reflux overnight. The reaction 
mixture was poured into saturated aqueous NaHCO, and extracted with 40% ethyl 
acetate/hexane. The combined organic layers were dried over anhydrous MgS04, filtered, 
and concentrated to afford the E and Z isomeric mixture as a yellow gum. Flash 
chromatography (10% EtOAc/hexane) yielded mixture of (Z)- and (.E)-20-carbonitriIe-3- 
tetrahydropyranaloxy-]9-norpregna-l,3,5 (10),17(20>tetraene 61. (0.83 g, 25%). 

To a solution of nitrile 61 (0.83 g, 2. 12 mmol) in toluene/TRF was added a 1.0 M 
solution of DIBAL in heptane (2.5 mL, 2.5 mmol) at -78 'C under argon, and the reaction 
mixture was warmed to room temperature and stirred for 3 h. Methanol (0.5 mL) and 
water (0.5 mL) were added, and the solution was stirred for 40 min. The cloudy solution 
was extracted with EtOAc. The combined organic layers were dried over anhydrous 
MgSOf. filtered, and concentrated to afford the corresponding aldehyde as a gum. To a 
solution of crude aldehyde (0.85 g) in THF was added a 1.0 M solution of DEB AL in 
heptane (3.0 mL, 3.0 mmol) at -78 "C under argon, and the reaction mixture was warmed 
to 0°C and stirred for 1 h. Methanol (0.5 mL) and water (0.5 mL) were added, and the 
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solution was stirred for 20 min at room temperature. The cloudy solution was extracted 
with EtOAc. The combined organic layers were dried over anhydrous MgS04. filtered, 
and concentrated to afford the E and Z mixture of allylic alcohol 62 as a solid (0.45 g, 
53% for two steps). 

5 (c) Preparation of (Z)-3-tetrahydropyranyloxy-20-methyI-2 1 -[2 -(N,N- 

diethylamino)ethoxy]-19-norpregna-l,3,5(10),17(20)-tetraene (63) and (E)-3- 
tetrahydropyranyloxy-20-methyl-2 1 -[2'-(N,N-diethylamino) ethoxy]- 1 9-norpregna- ' 
1.3,5(10), 17(20)-tetraene (64). 

Amines 63 and 64, which were prepared from alcohol 62 (0.45 g, 1.13 mmol) and 

10 2-dimethylaminoethyl chloride hydrochloride (0.5 g, 3.5 mmol) using the same prodedure 
as described for amine 25, was obtained as a solid. Flash chromatography (5% 
methanol/chloroform) gave the Z isomer 63 as a major product (0.34 g, 65%), and the 
desired E isomer 64 as a minor produa (0. 13 g, 25%). Z isomer 63: *H NMR (300 MHz, 
CDCI3) 6 0.90 (s, 3. CH3), 1.65 (s, 3, CH3), 2.30 (s, 6, N(CH3)j), 2.55 (t, J = 6.0 Hz, 2), 

15 2.85 (m, 2), 3.51 (t, J = 6.0 Hz, 2), 3.60 (m, 1), 3.91 (m. 1), 3.98 (d. J = 1 1.0 Hz, 1), 3.98 
(d,J= ll.OHz, l),4.20(d, J= 11.0 Hz, 1), 5.39 (m. 1), 6.79 (d, J = 2.5 Hz, 1, ArH), 
6.85 (dd, J = 2.5, 8.4 Hz, 1, ArH), 7.19 (d, J = 8.4 Hz, 1, ArH). E isomer 64: 'H NMR 
(300 MHz, CDCI3) 6 (0.90 (s, 3, CH3), 1.79 (s. 3, CHj), 2.32 (s, 6, NiCHj):^, 2.57 (t, J = 
6.0 Hz, 2), 2.86 (m, 2), 3.49 (m, 2), 3.60 (m, 1), 3.59 (m, 1). 3.92 (m, 3), 5.39 (m, 1), 

20 6.79 (d, J = 2.5 Hz, 1, ArH), 6.85 (dd. J = 2.5, 8.4 Hz, 1, ArH), 7.19 (d, J = 8.4 Hz, 1, 
ArH). 

(d) Preparation of (Z)-3-Hydroxy-20-methyl-21-[2'-(N,N-diethylamino)-ethoxy]- 
1 9-norpregna- 1 ,3 ,5( 1 0), 1 7(20)-tetraene (65): 

The amine 65, which was prepared from ether 63 (0.34 g, 0.73 mmol) and /^-TsOH 
25 (0. 15 g, 0.8 mmol) using the same procedure as described for amine 25, was obtained as a 
white solid (0.27 g, 95%): 'H NMR (300 MHz, CDCI3) 5 0.84 (s, 3, CH3), 1.64 (s, 3, 
CH3), 2.39 (s, 6. N(CH3)2), 2.67 (t, J = 6.0 Hz, 2), 2.81 (m, 2), 3.58 (t, J = 6.0 Hz. 2), 
3.90 (d, J = 11 .0 Hz, I), 4. 19 (d, J = 11.0 Hz, 1), 6.54 (d, J = 2.5 Hz. 1, ArH), 6.61 (dd. J 
= 2.5, 8.2 Hz, I, ArH), 7. 1 1 (d, J = 8.2 Hz, 1 , ArH). 
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(e) Preparation of (E)-3-Hydroxy-20-methyl-2 1 -[2'-(N,N-diethylamino)-ethoxy]- 
1 9-norpregna- 1 ,3,5( 1 0), 1 7(20)-tetraene (66): 

The amine 66, which was prepared from ether 64 (0.13 g, 0.28 mmol) and/^-TsOH 
(0.06 g, 0.3 1 mmol) using the same procedure as described for amine 25, was obtained as 
5 a white solid (0. 1 g, 93%): *H NMR (300 MHz, CDClj) 6 0.84 (s, 3, CHj), 1.77 (s, 3, 

CH3), 2.39 (s. 6. N(CH3)^, 2.64 (t, J = 5.7 Hz, 2). 2.82 (m, 2). 3.53 (m, 2), ), 3.86 (d, J = 
1 1.2 Hz. 1). 3.95 (d. J = 11.2 Hz, 1). 6.54 (d. J = 2.7 Hz. 1. ArH). 6.59 (dd, J = 2.7, 8.2 
Hz, 1, ArH), 7.12 (d, J = 8.2 Hz, 1. ArH). 

(f) Preparation of (17R,20S)-20-[(4'-N.N-Dimethyl)-2'-oxabutyl]-19-norpregna- 
10 l,3,5(10)-trien-3-ol (67): 

The olefin 65 (35 mg. 0.09 mmol) was hydrogenated over lO^o palladium on 
charcoal (10 mg) in 5 mL of ethanol at room temperature under atmospheric pressure 
overnight. The catalyst was removed by filtration, and washed with elhanol. The solvent 
was removed in vacuo to give a white solid. Flash chromatography (5% 
15 methanol/chloroform) yielded amine 67 as a white solid (30 mg, 86%): *H NMR (300 

MHz. CDCl,) 6 0.68 (s, 3. CH,). 1.04 (d. J = 6.6 Hz. 3. CH,), 2.37 (s. 6, mCH^)^, 2.64 
(m, 2), 2.79 (m, 2), 3.14 (dd, J = 7.6, 8.8 Hz, 1), 3.40 (dd, J = 3.3, 9.3 Hz. 1), 3.56 (m, 
2). 6.54 (d. J = 2.6 Hz. 1. ArH). 6.61 (dd. J = 2.6, 8.5 Hz, 1, ArH), 7.12 (d, J 8.5 Hz, 1, 
ArH). 

20 (g) Preparation of (17R,20R)-20-[(4•-N,N-Dimethyl>■2•-oxabutyl]-19-norpriSgna- 

l,3,5(10>-t^ien-3-ol (68): 

The olefin 66 (25 mg, 0.065 mmol) was hydrogenated over 10% palladium on 
charcoal (10 mg) in 5 mL of ethanol at room temperature under atmospheric pressure 
overnight. The catalyst was removed by filtration, and washed with ethanol. The solvent 

25 was removed in vacuo to give a white solid. Chromatography (5% methanol/chloroform) 
yielded amine 68 as a white solid (22 mg, 88%): 'H NMR (300 MHz,, CDCl 3) 6 0.68 (s. 
3. CH3). 0.94 (d, J = 6.6 Hz, 3. CH3). 2.36 (s, 6. N(CH3)j), 2.62 (m, 2), 2.80 (m, 2), 3.21 
(dd, J = 7.8. 9.0 Hz, 1). 3.55 (m, 3), 6.54 (d, J 2.6 Hz, I. ArH). 6.60 (dd, J = 2.6. 8.5 Hz. 
1, ArH), 7. 12 (d, J = 8.5 Hz, 1, ArH). 
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The following scheme illustrates the preparation of compounds 69, 70 and 71 as 
described in Examples 27, 28 and 29: 




IS Scheme 13 

Example 27 

Preparation of 3-Hvdroxv-7a-methvl-2 1 -r2'-rN.N-dimethvla mino'>ethoxv]- 

l?-norprcgna-1.3.?(:iOVtriene (69) 
20 The olefin 22 (35 mg, 0.09 mmol) was hydrogenated over 10% palladium on 

charcoal (10 mg) in 5 mL of ethanol at room temperature under atmospheric pressure 
overnight. The catalyst was removed by filtration and washed with ethanol. The solvent 
was removed in vacuo to give a white solid. Flash chromatography (5% 
methanol/chloroform) yielded amine 69 as a white solid (0.030 g, 86%):mp 162-165 "C; 
25 'H NMR (300 MHz, CDCl,): 6 0.62 (s, 3, CH,), 0.84 (d, J = 7. 1 Hz, 3, CH,), 2.32 (s, 6. 
N(CH3)2). 2.49 (dd, J = 1.2, 16.2 Hz, 1), 2.57 (t, J = 5.8 Hz, 2), 3.04 (m, 1), 3.44 (m, 2), 
3.56 (t, J = 5.8 Hz, 2), 6.54 (d, J = 2.7 Hz, 1, ArH), 6.62 (dd, J = 2.7, 8.0 Hz, 1, ArH), 
7.16 (d, J = 8.0 Hz. I, ArH). HRMS for C^jHjjNOj (M*): calcd. 385.2981, found 
385.2976. 
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Exampjg 28 

Preparation o f 3-Hvdroxv-2-methQxv-2 t-r2'-fN.N-diniethvlainino'>ethQXv1- 
1Q-norprepna-l 3 SnOVtriene ^70^ 
The olefin 23 (50 mg, 0. 125 mmol) was hydrogenated over 10% palladium on 
5 charcoal (15 mg) in 5 mL of ethanol at room temperature under atmospheric pressure 
overnight. The catalyst was removed by filtration and washed with ethanol. . The solvent 
was removed in vacuo to give a white solid. Flash chromatography (5% 
methanol/chloroform) yielded amine 70 as a white solid (0.041 g, 82%): *H NMR (300 
MHz, CDCI3): 6 0.63 (s, 3, CH3), 2.3 1 (s, 6. 1;(CH;)^, 2.54 (t, J = 5.8 Hz, 2), 2.77 (m. 
10 2), 3.46 (m, 2), 3.55 <m. 2) 3.85 (s. 3, OCH3), 6.63 (s, I, ArH), 6.80 (s, 1, ArH), HRMS 
for C^jHjsJSrOa (M*): calcd. 401.2930, found 401.2940. 

E?tamplg 29 

Preparation of 3-Hvdroxy-7a-methv l-2 1 -f 2'-fN N-dimethvlamino>ethoxv1- 

15 19-norprepna-1.3.SriOVtriene f7n 

The olefin 25 (l.Olmg, 2.68 mmol) was hydrogoiated over 10% palladium on 
charcoal (380 mg) in 50 mL of ethanol at room temperature under atmospheric pressure 
overnight. The catalyst was removed by filtration arid washed with ethanol. The solvent 
was removed in vacuo to give a white solid. Flash chromatography (10% 

20 ethanol/chloroform) yielded amine 71 as a white solid (0.90 g, 81%): ^H NMR (300 MHz, 
CDCI3): 6 0.62 (s, 3. CH3), 0.84 (d. J = 7. 1 Hz, 3, CH3), 1.09 (t, J = 7. 1 Hz, 6. 
N(CH,CH,), 2.69 (m, 6). 3.02 (m, 1) 3.47 (m, 2). 6.52 (d. J = 2.7 Hz. 1 ArH), 6.62 (dd. J 
= 2.7, 8.0 Hz, 1, ArH). 7. 16 (d, J = 8.0 Hz, 1, ArH). 
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Examplc 3Q 

Preparation of 2 1 -(V-N. M-DimethvlaininoethoxvVr 1 7r20^E1- 1 9-norDregna- 
1 3 5riOy 1 8 r20Wetraene-3-O.sulfainate 




Scheme 14 



To a solution of chlorosulfonyl isocyanate (0.14 mL, 1.5 mmol) in CH2CI2 (0.6 
mL) was added fonnic acid (0.3 mL of a CH2CI2 solution, 5.0 M, 1.5 mmol) at CC. The 
reaction mixture was warmed to room temperature and stirred for 1 h. To a solution of 
21-(2'-^'^-dimethylaminoethoxy)-[ 1 7(20)E]- 1 9-norpregna- 1 ,3 ,5( 1.0), 1 7(20)-tetraen-3-ol 
(21. 0. 1 11 g, 0.3 mmol) in DMF (2.0 mL) was added sodium hydride (0.060 g of a 
mineral oil dispersion, 60%, 1.5 mmol) at 0"C. The reaction mixture was stirred for 1 h, 
and the chlorosulfonyl isocyanate in formic acid was added, and stirring continued for 2 h. 
The reaction mixture was quenched with saturated aqueous NaHCOj at 0°C, and 
extracted v^ath EtOAc. The combined organic layers were washed with HjO, saturated 
aqueous NaCl, and then dried (NajSO*). The desiccant was filtered and the solvent was 
evaporated at reduced pressure. The residue was purified by column chromatography 
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(silica gel) using CHCIaiMeOH (10:1-5:1, v/v) to afibrd 0.121 g of 72 (90% yidd) mp: 

*H NMR: a 7.30 (d, IH, aiomatic), 7.13-7.00 (m, 2H. aromatic), 5.30-5.18 (m, 
IH. =CH-CHjO-), 4.05-3.90 (m, 2H. =CH-CHjO-), 3.53 (t, 2H, -OCHjCHjN-), 2.55 (t, 
5 2H. -OCH2CH2N-), 2.30 (s, 6H. -J^iCH^y^, 0.78 (s. 3H, 1 8-CH,); MS (DCI): m/z 449 
(M*+H). 

Example 3 1 

10 Compound 75, an anti-estrogenic agent of the invention, was prepared using the 

individual reaction steps illustrated in Schone IS, and analogous reagents and reaction 
conditions for the synthesis described in Example 32. 
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Example 32 

This example describes synthesis of compound 80, citric acid salt of 79, as 
illustrated in Scheme 16: 




(a) Synthesis of 2-Hydroxy-4-[3'-tetrahydropyranyloxy-7'o-methyl- 1 9'-norpregna- 
l*,3',5'(10>trien-2r-yloxy]ben2aldehyde (76): Aldehyde 76 was prepared from the 
corresponding alcohol (1.20 g, 3.02 mmol) and 2,4-dihydroxy-benzaldehyde (0.417 g, 
3.02 mmol), and was obtained as an amorphous solid (1 .01 g, 65%); *H NMR 6 0.67 (s, 
3H), 0.85 (d, 3Ii J = 7. 1 Hz), 4.05 (m. 2H). 5.38 (m, IH), 6.42 (d. IH, J = 2.3 Hz, ArH), 
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6.53 (dd, IH, J = 8.7 Hz, 2.3 Hz, ArH). 6.78 (d, IH, J = 2.4 Hz, ArH), 6.85 (dd, IH, J = 
8.8 Hz, 2.4 Hz, ArH), 7.21 (d, IH, J = 8.7 Hz), 7.43 (d, IH. J = 8.8 Hz), 9.72 (s, IH). 

(b) Synthesis of 2-Methoxy-4-[3'-tetrahydropyranaloxy-Ta-methyl- 1 9'-norpregna- 
r,3',5'(10>trien-2r-yloxy]benzaldehyde (77): To a solution of 76 (1.01 g, 1.95 mmol) in 
acetone (20 mL) was added anhydrous K2CO3 (690 mg, 5.0 mmol) and iodomethane 
(1.03 g, 7.25 minol), and the mixture was stirred continuousiy for 2 days at room 
temperature. The reaction mixture was quenched with H2O, extracted with ethyl acetate, 
washed with brine, dried over anhydrous MgS04, filtered, concentrated, and purified by 
chromatography (14% ethyl acetate /hexanes) to afford the benzaldehyde (77) as an 
amorphous soUd (780 mg, 75%): *H NMR 6 0.67 (s, 3H), 0.85 (d, 3H, J = 6.2 Hz), 3.90 
(s, 3H), 4.05 (m. 2H), 5.38 (m, IH), 6.42 (d, IH, J = 2,2 Hz, ArH), 6.53 (dd, IH, J = 8.6 
Hz, 2.2 Hz, ArH). 6.78 (d, IH, J = 2.5 Hz, ArH). 6.85 (dd, IH. J = 8.6 Hz, 2.5 Hz, ArH), 
7.21 (d, IH, J = 8.6 Hz). 7.43 (d, IH, J = 8.6 Hz). 10.29 (s. IH). 

(c) Synthesis of 2-Methoxy-4-[3'-hydroxy-7'a-methyl-19*-norpregna- r,3',5*(10> 
trien-2r-yloxy]benzaIdehyde (78): Benzaldehyde 78 was prepared fi-om ether 77 (770 
mg, 1.45 mmol); recrystallization fi-om ethyl acetate-hexanes gave 78 as a crystalline solid 
(555 mg, 85%): m.p. 160-1 6rC; *H NMR 6 0.68 (s, 3H), 0.85 (d, 3H, J = 7.1 Hz), 2.50 
(d. IH, J = 16.5 Hz). 3.05 (dd. IH, J = 16.5 Hz, 5.5 Hz), 3.90 (s, 3H), 4.00-4.13 (m. 2H), 
4.95 (br, IH, OH), 6.43 (d. IH. J = 2. 1 Hz, ArH), 6.53 (dd, IH, J = 8.4 Hz, 2. 1 Hz, ArH), 
6.55 (d, IH, J - 2.7 Hz, ArH), 6.63 (IH, J = 8.7 Hz, 2.7 Hz, ArH), 7.16 (d, IH, J = 8.4 
Hz, ArH), 7.82 (d, IH, J = 8.7 Hz, ArH), 10.28 (s, IH). 

(d) Synthesis of 3-Hydroxy-7o-methyI-2 l-[2•-methoxy-4•-(piperidinomethyI)- 
phenoxy]-19-norpregna-l,3.5(10)-triene (79): Amine 79 was prepared fi-om benzaldehyde 
78 (550 mg, 1.23 mmol) and piperidine (136 mg, 1.60 mmol); recrystallization fi-om 
MeOH gave 79 as a crystalline solid (560 mg, 88%): m.p. 200-202''C; *H NMR 6 0.67 
(s, 3H), 0.85 (d, 3H, J = 7.0 Hz), 2.50 (br. 4H). 3.04 (dd, IH, J = 16.6 Hz, 5.5 Hz), 3.53 
(s, 2H), 3.74 (s, 3H), 3.90-4.02 (m, 2H). 6.40-6.55 (m, 4H, ArH), 7.12 (d, IH, J = 8 3 
Hz, ArH), 7.22 (d, IH, J = 8.8 Hz, ArH). 
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(e) Preparation of the citrate salt of 3-Hydroxy-7a-methyl-?.l-[2'-methoxy-4- 
(piperidinoinethyl)phenoxy]-19-norpregna-l,3,5(10>triene (80): T o a solution of amine 
79 (517 mg, I.O mmol) in 15 mL of MeOH at room temperature under argon was added 
citric acid (192 mg, 1.0 mmol) and the reaction stirred for 10 mm. The solvent was 
5 evaporated under reduced pressure and dried under vacuum to afford the citrate salt (80) 
as an amorphous solid in quantitative yield: NMR 6 0.68 (s, 3H), 0.82 (d, 3H, J - 7. 1 
Hz), 2.45 (d, IH, J = 16.5 Hz), 2.73 (d, 2H, J = 15.4 Hz), 2.83 (d, 2H, J = 15.4 Hz), 3.00 
(dd, IH, J= 16-5 Hz, 5.5 Hz). 3.86 (s,3H), 3.98-4.12 (m. 2H). 4.18 (s, 2H), 6.47 (d, IH. 
J = 2.5 Hz, ArH), 6.52-6.62 (m, 3H, ArH), 7.07 (d, IH, J = 8.3 Hz, ArH), 7.33 (d. IH, J 
10 =8.2 Hz, ArH). 

Examples 3?-36 

In this example, s^theais of compounds 81, 82, 83 and 84 is described. The 
synthesis is illustrated in Scheme 17, as follows: 



15 
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Compounds 81, 82, 83 and 84 were prepared in a manner analogous to that 
described with respect to preparation of compound 79 from compound 78 in the 
preceding example. Briefly, the compounds were synthesized and characterized as 
follows: 

4-[3'-Hydroxy-ro-methyl-l 9'-norpregna-l •,3',5'(1 (y)-trien-2 l'-yloxy]-3-methoxy- 
benzaldehyde (78a): Ether 78a was prepared from the corresponding alcohol (2- 
hydroxyethyl substituent at the I7p-positton) and vanillin (382 mg, 2.51 mmol), and was 
obtained as a crystalline solid (785 mg, 66%). Recrystallization gave pure 78a: m.p. 163- 
164°C; NMR 6 0.67 (s. 3H), 0.84 (d, 3H, J = 7.0 Hz). 2.50 (d, IH, J = 16.5 Hz), 3.05 
(dd, IH, J = 16.5 Hz, 5.5 Hz), 3.93 (s, 3H), 4.06-4.20 (m, 2H), 5.12 (br, IH. OH), 6.55 
(d, IH, J = 2.5 Hz, ArH), 6.63 (dd, IH, J = 8.4 Hz, 2.5 Hz, ArH), 6.98 (d, IH. J = 8.0 Hz. 
ArH), 7.15 (d, IH, J = 8.4 Hz, ArH), 7.42-7.48 (m, 2H), 9.85 (s, IH); MS (DCI) 449 
(M+H). HRMS for C29H36O4 (M+H)* calcd., 449.2692; found, 449.2689. (M+NHJ* 
calcd., 466.2957; found, 466.2976. 

3-Hydroxy-7a-methyl-21-[3'-methoxy-4'-(4"-methyIpiperazinomethyl)phenoxy]- 
I9-norpregna-l, 3,5(1 0)-triene (81): Amine 81 was prepared from benzaldehyde 78a (50 
mg, 0.1 12 mmol) and 1-methylpiperazine (0.018 inL, 0.16 mmol); recrystallization from 
MeOH gave 81 as a crystalline solid (22 mg, 37%): m.p. 214-215*»C; 'h NMR 6 0.66 (s, 
3H). 0.84 (d, 3H, J = 7.0 Hz). 2.29 (s. 3H). 2.45-2.56 (m. 9H), 3.05 (dd. IH, J = 17.0 Hz, 
6.0 Hz), 3.45 (s, 2H), 3.85 (s. 3H), 3.95-4.08 (m, 2H), 6.52 (d, IH, J = 2.6 Hz. ArH), 
6.60 (dd, IH, J = 8.6 Hz, 2.6 Hz, ArH). 6.80 (s, 2H, ArH), 6.89 (s, IH. ArH), 7.16 (d, 
IH, J = 8.6 Hz. ArH). 

3-Hydroxy-7a-methyl-2 1 -[3*-methoxy-4'-(pyrroIidinomethyl)phenoxy]- 1 9-nor- 
pregna-l,3,5(10)-triene (82): Amine 82 was prepared from benzaldehyde 78a (600 mg. 
1.34 mmol) and pyrrolidine (0. 15 mL, 1.8 mmol); recrystallization from MeOH gave 82 as 
a crystalline solid (450 mg, 67%): m.p. 192-193«C; *H NMR 6 0.65 (s, 3H), 0.84 (d, 3H, 
J = 7.1 Hz). 2.45 (d, IH, J = 16.5 Hz), 2.57 (m. 4H), 3.02 (dd. IH. J = 16.5 Hz, 6.0 Hz), 
3.58 (s, 2H), 3.77 (s, 3H), 3.92-4.06 (m, 2H). 6.47 (d. IH, J = 2.6 Hz. ArH). 6.52 (dd. 
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IH, J = 8.4 Hz, 2.6 Hz. ArH), 6.77-6.83 (m, 2H. ArH). 6.90 (d. IH, J = 1.6 Hz, ArH), 
7. 1 1 (d, IH, J = 8.4 Hz, ArH). 

3-Hydroxy-7a-methyl-21-[3*-methoxy-4'-(N,N-dimethyIaminomethyl)phenoxy]- 
I9-noipregna-l,3,5(10>tnene (83): Amine 83 was prepared from benzaldehyde 78 (60 
mg, 0. 134 mmol) and N,N-dimethyIaniine (0.08 mL, 0. 16 mmol); recrystallization from 
MeOH gave 83 as a crystalline solid (40 mg, 62%): m.p. 186-1 87*0; ^H NMR 5 0.65 (s, 
3H), 0.84 (d, 3H, J 7.0 Hz). 2.26 (s, 6H, N(CH3)2), 2 46 (d. IH. J = 16.5 Hz), 3.02 (dd, 
IH. J = 16.5 Hz, 6.0 Hz), 3.40 (s. 2H). 3.80 (s, 3H), 3.93-4.08 (m, 2H), 6.49 (d, IH, J = 
2.6 Hz, ArH), 6.56 (dd, IH, J = 8.4 Hz, 2.6 Hz, ArH), 6.80 (s, 2H, ArH), 6.89 (s, IH, 
ArH). 7.13 (d. IH. J = 8.4 Hz, ArH). 

3-Hydroxy-7a-methyl-21-[2-methoxy-4-(N.N-diethylaminomethyl)phenyIoxy]- 
19-norpregna-l,3,5(10)-triene (84): To a solution of the methoxybenzaldehyde analog 
78a (0.500 g, 1.12 mmol) and diethylamine (155 ^L, 1.5 mmol) in dry 1 ,2-dichloroethane 
(10 mL) under argon was added sodium triacetoxyborohydride (0.403 g, 1.9 mmol). The 
cloudy solution was stirred for 18 h at room temperature. To the cloudy mixture was 
added saturated NaHC03 followed by retraction with ethyl acetate. The ethyl acetate was 
washed with saturated NaCl solution, dried over magnesium sulfate, filtered, and 
evaporated. The residue was crystallized from MeOH to afford 350 mg of 84 (62% 
yield): mp 123-124"C; *H NMR 6 0.65 (s, 3H), 0.84 (d. 3H, J = 7.0 Hz). 1.07 (t, 6H, J = 
7. 1 Hz), 2.46 (d. IH. J = 16 Hz), 2.57 (q, 4H. J = 7. 1 Hz). 3.02 (dd, IH, J = 16.5 Hz), 
3.55 (s, 3H). 3.81 (s. 3H). 3.92-4.08 (m, 2H), 6.48 (d, IH. J = 2.6 Hz, ArH). 6.56 (dd. 
IH, J = 8.4 Hz), 6.7-7.12 (m, 6H). 

Example 37 

This example describes preparation of the citric acid salt 85 from the free base 
analog 84, as illustrated in Scheme 1 8: 
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85 



Scheme 1 8 

Citrate Salt of 3-Hydroxy-7a-methyl-21-[2'-methoxy-4'-(N,N-diethylainino- 
methyl)phenoxy]-19-norpregna-],3,S(10)-triene (85): To a solution of amine 84 (100 mg, 
0. 198 mmol) in 1 mL of hot EtOH under argon was added dtric acid (38 mg, 0. 188 
nunol) and the reaction stirred for 10 min. Cooling gave a white crystalline solid that was 
filtered and dried to afford 120 mg (87% yield) of 85: mp 166°C (decomposed); 
NMR (CD3OD) 6 0.69 (s, 3H), 0.82 (d, 3H, J = 7.0 Hz), 1 .36 (t, 6H, J = 7.2 Hz). 2.46 (d, 
IH, J = 16.5 Hz). 2.77 (q. 4H. J = 7.2 Hz), 3.86 (s, 3H), 4.24 (s, 2H), 6.40-6.60 (m. 2H, 
ArH), 6.98-7. 1 6 (m. 4H, ArH). 



Example 3? 

Compound 90 was synthesized as illustrated in Scheme 19. 
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Preparation of (£)-3-TetrahydropyranyIoxy-7a-methyl-2I-hydro7^-19-norpregiia- 
l,3,5(10)-triene (86): To a solution of 33.5 g of 47b in 500 mL of THF at -78'C was 
added 185 niL of 1 .0 M diisobutylaluminum hydride in heptane. The reaction mixture was 
warmed to O'C and stirred at that temperature for 1.5 h. Methanol (15 mL) and HjO (15 
mL) were added at O'C and the solution was warmed to room temperature and stirred for 
0.5 h. The cloudy suspension was poured into (1 .4 L) and extracted with EtOAc (3 
X 300 mL). The combined organic layo^ were washed with sat. NaCl, dried over 
MgS04, filtered, and evaporated to dryness to afford 29.31 g (97%) of 86 as a white 
solid. The remaining reaction steps, reagents and reaction conditions are analogous to 
those used in the preceding examples. Examples 31-37. 

. Example 39 

This example describes synthesis of compound 92 as illustrated in Scheme 20: 




Schcmg 20 

(a) Synthesis of 3-Hydroxy-7a-methyI-2 1 -(2'-N,N-diethylaminoethoxy)- 1 9-nor- 
pregna-l,3,5(10)-triene (91). Olefin 25 (18.88 g, 45.94 mmol) was hydrogenated over 
10% Pd-C (7 g) in 300 tvL. of ethanol at room temperature under atmospheric pressure 
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overnight. The catalyst was removed by filtration and washed with ethanol. The solvent 
was removed under vacuum. The residue was recrystallized from isopropyl ether to afiford 
amine 91 as a crystalline solid (16.13 g, 85%); m.p. 106-107''C; NMR 6 0.62 (s, 3H), 
0.84 (d, 3H, J = 7.1 Hz), 1.09 (t, dH, N(CH2CH3)2» J = 7.2 Hz), 2.48 (d, IH, J = 16.5 
5 Hz). 2.68 (q, 4H, N(CH2CH3)2, J = 7.2 Hz), 2.74 (t, 2H, J = 6.3 Hz), 3.03 (dd. IH, J = 
16.5 Hz, 6.1 Hz), 3.36-3.54 (m, 2H), 3.57 (t, 2H. J = 6.3 Hz), 6.54 (d, IH, J = 2.6 Hz, 
ArH), 6.62 (dd, IH, J = 8.6 Hz, 2.6 Hz, ArH), 7. 16 (d, IH, J = 8.6 Hz, ArH); MS (DCI) 
414 (M+H). 

(b) Citrate of 3-Hydroxy-7a-methyl-21-(2'-N,N-diethylaminoethoxy)-19- 
10 norpregna-l,3,5(10)-triene (92). To a solution of amine 91 (0.85 g, 2.06. mmol) in 40 mL 
of MeOH at room temperature under argon was added citric acid (0.395 g, 2.06 mmol), 
and stirring continued for 15 min. The solvent was evaporated under reduced pressure 
and dried under vacuum to afford the citrate salt 92 as an amorphous solid in quantitative 
yield. Analytical sample was prepared by crystallizing from EtOH: m.p. 106-1 07*'C 
15 (decomposed); *H NMR (CD3OD) 6 0.65 (s, 3H). 0.82 (d, 3H, J = 7.0 Hz). 1 .3 1 (t, 6H, 
N(CH2CH3)2, J = 7.3 Hz), 2.43 (d, IH, J = 16.6 Hz). 2.67 (d, 2H, J = 15.4 Hz). 2.82 (d. 
2H, J = 15.4 Hz), 2.99 (dd, IH, J = 16.6 Hz, 5.0 Hz). 3.26 (q, 4H, N(CH2CH3)2. J = 7.3 
Hz), 3.31-3.35 (m. 2H). 3.50 (m, 2H), 3.73 (m. 2H), 6.46 (d. IH, J = 2.2 Hz, ArH), 6.53 
(dd, IH. J = 8.7 Hz, 2.2 Hz, ArH), 7. 16 (d, IH, J = 8.7 Hz, ArH); MS (DCI) 414 (M+H). 

20 

Exampig 40 

Bioa.s.sav for Measuring Estrogenic and Anti-estroeenic 
Activitv of Test Compounds Using Human Ishikawa Cells 

A. Procedures: 

25 Human Ishikawa cells are very sensitive to estrogens, and compounds with 

estrogenic activity induce alkaline phosphatase (AlkP) in these cells at levels as low as 10* 
*^M. Therefore, the estrogenic activity of any target compound can be measured by 
quantifying AlkP activity induced by the compound. 
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Reagents : Human Ishikawa cells were provided by Dr. Eriio Gurpide (Mount 
Sinai School of Medicine, N.Y.). Eagle's minimum essential medium (MEM), fetal calf 
serum (FCS) and /^nitrophenyl phosphate were purchased from Sigma Chemical 
Company (St. Louis, MO). 

Cell Culti^fg ! Humaii Ishikawa cells were routinely maintained in MEM containing 
10% FCS and supplemented with 2 mM glutamine and 1 mM sodium pyruvate. Cells were 
seeded at a denaty of 1 .5 x 10^ ceUs/7S cm' and passaged twice weekly. Twenty-four h 
before starting an experiment, the medium in the near-confluent cell cultures was changed 
to phenol red-free MEM containing 5% FCS stripped of endogenous estrogens with 
dextran-coated charcoal plus the above-listed supplements. 

Drup Treatment : On the day of the experiment, cells were hiarvested with 0.25% 
trypsin and plated in 96-well flat-bottomed microtiter plates in phenol red-free MEM at a 
density of 1.5 x 10* cells/well. Test compounds were dissolved in DMSO at 10'^ M, 
diluted appropriately with phenol red-free MEM (final DMSO concentration, 0. 1%). The 
diluted test compounds were added to the culture wells either alone or in combination 
vrith 10*^ estradiol. Each ^cperiment included a blank control (vehicle only) and a 
positive control (lO'^M) culture well. The final volume of medium in esich culture well 
was 200 ^L. After all additions, the cells were incubated at 37° C in a humidified 
atmosphere containing 5% COj for 72 h. At the end of the 72 h incubation period, the 
AlkP assay was performed. 

AlkP Assay The assay was performed by inverting microtiter plates and removing 
growth medium with a brisk shake of the wrist. The plates were rinsed by gently 
inunersing and swirling them in 2L of PBS (0. 1 5 M NaCI, 10 mM sodium phosphate, pH 
7.4) in a 27 cm x 10 cm x 9.5 cm plastic container. The plates were removed from the 
container leaving the residual saline in each well, and the wash procedure was repeated 
once. Afterwards, the buffered saline was shaken from the plates and the plates were 
inverted and gently blotted on a paper towel. The plates were then placed on ice and 5C 

of ice-cold solution containing /7-nitrophenyi phosphate (5 mM), MgCl, (0.24 mM) 
and diethanolamine (IM, pH 9.8) was added to each well. The plates were then warmed 
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to room temperature and the yellow color from the production of /^nitrophenol was 
allowed to develop. Plates were monitored periodically at 405 nm in an enzyme-linked 
immunosorbent assay (ELISA) plate reader until such time as maximally-stimulated cells 
showed an absorbance of 1.2 at405nm. The estrogenic activity ofa test compound is 
calculated as the percentage stimulation of AlkP activity O-e., absorbance at 405 nm) by 
the test compound normalized to lO"* M estradiol-stimulated activity (where absorbance 
of 1.2 at 4021 nm - 100% stimulation). The anti-estrogenic activity ofa test compound is 
defined as the percent inhibition of 10*' M estradiol-stimulated AlkP activity by the test 
compound. 

B. Results: 

Representative anti-estrogenic compounds of this invention were evaluated for in 
vitro anti-estrogenic and estrogenic activity as described above. The results obtained with 
the test compounds are shown in Table 1 below. The resuks obtained with tamoxifen, 4- 
hydroxy-tamoxifen, DP-TAT-59, TAT-59 and ICI 164384 are also included. 
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TABLE I 

5 



1 Compound 
No. 


Conceotrjition 


Estrogenic Activity 


Anti-Es<troeenic 


Activity 




Expl 


Exp2 


Exp3 


Expl 


Exp2 


Exp3 






3 






0 










1 






4 








1 fiM 


10 






19 










15 






19 






1 


100 nM 


0 






5 











0 






64 







1 8 


" ^o^i 


15 






12 




1 




100 nM 


10 






31 









1 mM 


5 






57 










6 






18 






1 


100 nM 


16 






25 










13 






58 






I 


10 rfl 


4 






0 








100 nM 


14 






0 








luM 


4 






49 






ii 


10 nM 


32 






0 








100 nM 


27 






17 








I mM 


23 






38 






12 


10 nM 


3 






0 








100 nM 


6 






2 








1 mM 


12 






24 








10 mM 


0 






100 
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n Compound 
1 


Concentration 


Estrogenic Activity 


Anti-Estrogenic 


Activity 






— ^fEL_ 


E^qp3_ 


_Expl_ 


5fPL_ 


Exp3 


21 


1 nM 




0 


0 




9 


7 




10 nM 


0 


0 


0 . 


38 


22 






100 nM 






1 


40 


28 


— 

30 




I mM 






0 


63 


68 


55 




10 mM 




0 


0 




100 


100 


22 


10 nM 


0 






0 








100 nM 


0 






76 








1 uM 


0 






100 






23 


10 nM 


1 






4 








100 nM 


I 






15 








I mM 


0 






30 






24 


10 nM 


0 






10 








100 nM 


0 






3 








1 uM 


0 






51 






25 


10 nM 


0 


0 




2 


0 






100 nM 


0 


0 




39 


50 






250 nM 




0 






70 






500 nM 




0 






87 






1 mM 


0 


0 




100 


100 




27 


10 nM 


0 


1 


0 


35 


0 


1 




100 nM 


0 


4 


0 


65 


0 


17 




1 mM 


0 


0 


0 


95 


56 


81 


32 


I nM 


0 






14 








10 nM 


0 






9 








100 nM 


2.5 






9 








1 mM 


1 






56 
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5 



Compound 


CoBceatration 


Estrogenic Activity 


Anti-Efltrogenic Activity 


No. 




Expl 


Exp2 


Exp3 


Expl 


Exp2 


Exp3 


35 


10 nM 


2 






0 








100 nM 


1 






0 








1 iiM 


0 






48 






36 


10 nM 


3 






0 






! 


100 nM ' 


5 






0 






I 


1 uM 


20 


0 




45 


56 




it 


10 nM 


0 






0 






8 *• 


100 nM 


0 






66 








I uM 


0 






100 






50 


10 nM 


0 


0 




30 


33 






100 nM 


0 


0 




100 


68 






1 iiM 


0 


0 




100 


100 






5 uM 


0 


0 




100 


100 




51 


10 nM 


0 






5 








100 nM 


0 






46 








1 mM 


0 






100 








5|iM 


0 






100 








10 uM 


0 






100 






59 


10 nM 


0 






24 








100 nM 


0 






47 








500 nM 


0 






76 








1 uM 


0 






100 






1 65 


10 nM 


0 






29 








100 nM 


0 






14 








1 nM 


0 






49 
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II Compouod 

1 


Conccntratioii 


Estrogenic Activity 


Anti-Estrogeoic Activity 




Expl 


Exp2 


Exp3 


Expl 


£xp2 


Exp3 


1 ^ 


10 nM 


0 






30 








100 nM- 
















1 uM 


0 


0 




78' 


81 






2 liM 










89 






S iiM 










100 






10 nM 


11 






0 






1 


100 nM 


25 






0 








500 nM 


7 






48 








1 uM 


7 






67 






68 


10 nM 


6 






0 








100 nM 


16 






0 








500 nM 








31 








1 uM 








59 







70 


1 nM 








10 








10 nM 


0 






18 








100 mM 








3 








1 uM 


9 






32 






71 


InM 


0 






1 








10 nM 
















100 nM 
















1 uM 


0 






100 








10 nM 


40 






0 






72 


100 nM 


62 






0 








1 mM 


40 






54 






79 


10 nM 


0 






0 








100 nM 


0 






55 








1 nM 


0 






100 
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1 — ' — ^ 

1 Compound 
No. 


Concentration 


Estrogenic Activity 


Anti-Estrogenic 


Activity | 




Expl 


Exp2 


Exp3 


Expl 


Exp2 


Exp3 1 


83 


1 nM 


0 






3 








10 nM 


0 






40 




1 




100 nM 


0 






100 








1 uM 


0 






100 






84 


1 nM 


0 






23 




1 




10 nM 


0 






64 








100 nM 


0 






100 








1 uM 


0 






100 




1 


85 


InM 


0 






41 




1 




10 nM 


0 






70 








100 nM 


0 






100 








1 uM 


0 






100 




1 


1 


1 nM 


0 






1 








10 nM 


0 






9 








100 nM 


0 






79 








1 uM 


0 






100 






92 


InM 


0 






0 








10 nM 


0 






2 








100 nM 


0 






91 








1 uM 


0 






100 








10 nM 


0 






0 






96 


100 nM 


7 






0 








1 uM 


8 






42 






102 


1 nM 


0 






0 








10 nM 


0 






2 








100 nM 


0 






48 








1 uM 


0 






100 




1 



wo 99/33859 



PCT/US98«7406 



-113- 



Compound 


Concentration 


Estrogenic Activity 


Aoti-Estrogenic Activity 


No. 




^xpl_ 




_Exp3_ 


_&cpl_ 






103 


1 nM 


0 






0 








10 nM 


0 






0 








100 nM 


0 






66 








1 uM 


0 






100 






104 


1 nM 


0 






0 








10 nM 


0 






0 








100 nM 


0 






16 








1 uM 


0 






100 








10 fiM 


0 






100 










I 






5 






105 


100 nM 


3 






73 










0 






100 






1 


10 nM 


15 






0 








100 nM 


23 






0 








1 uM 


15 






31 






4-OH- 


10 nM 


7 






31 






Tamozifen 


100 nM 


9 






85 








1 itM 1 10 






90 







Example 41 
Uterotrpphic and Antiutcrotrophic Assay 
Assay Procedure : Female Sprague Dawley rats (obtained from Simmonsen 
Laboratories (Gilroy, CA) weighing 40-50 g were used for the experiment. To start the 
experiment, the rats were weighed and randomly divided into groups of S animals. For the 
uterotrophic assay, various doses of test compounds in sterile saline (0. 1 ml for 
subcutaneous injection, 1 .0 ml for oral gavage) were administered to the animals once a 
day. The same procedure was used for the antiuterotrophic assay, but a suspension of O.S 
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Hg estradiol benzoate (obtained from the Sigma Chemical Co., St. Louis, MO) in vehicle 
was also administered orally to each of the test animals. Each experiment included two 
control groups, one for receiving a vehicle alone and the other for receiving estradiol 
benzoate alone. 

The treatments were carried out for 3 days. On day 4, the animials were weighed 
and then sacrificed. The uteri were inmiediately removed from the animals, trimmed of 
fat, and then weighed. 

Estrogenic activity was determined from the uterine weights in jp-oups receiving 
test compound alone compared with those of the vehicle control group. Anti-estrogenic 
activity was determined from the uterine wdghts in groups receiving te!;t compound plus 
estradiol compared with those of the estradiol control group. - 



TABLE 2 

ANTIUTEROTROPmC ACTIVITY OF ANTIESTROGENS 



1 Compound 


Route 


Dose 

(me/ke) 


Uterotrophtc 
Activity (%) 


====— 
Aritiuterotrophic 
Activity (%) 




oral 


0.02 


I 






oral 


0.2 


0 






oral 


2.0 


0 




21, citric salt 


S.C.* 


0.02 




60 




S.C. 


2 




60 




oral 


0.02 




58 




oral 


2 




91 


72 


S.C. 


0.02 




47 




S.C. 


2 




70 




oral 


0.02 




37 




oral 


2 




25 
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85 


oral 


50 


-3.5 


102.9 




oral 


3 


-2.9 


95.2 




oral 


0.5 


4.2 


87.8 




oral 


0.05 


-3.5 


61.2 




oral 


0.005 


-11.5 


26.9 


92 


oral 


50 


18.7 


85.2 




oral 


5 


6.8 


87.6 




oral 


0.5 


-0.5 


61.2 




oral 


0.05 


3.2 


24.5 




oral 


0.005 


-10.7 


-6.8 


ICI164;}84 


S.C. 


0.02 




100 




S.C. 


2 




100 




oral 


0.02 




72 




oral 


2 




45 



*s.c. B subcutaneous. 



Example 42 

Evaluation of Tissue Selectivity 
The tissue-specific estrogenicity of compounds 85 and 92 was evaluated in 
comparison with tamoxifen and raloxifene. Sprague-Dawley rats (seven weeks old) 
purchased from SLC Inc. (Shizuoka) and fed with TD89222 were used for this 
experiment. Two weeks after purchase, the rats were ovariectomized or sham-operated 
under light ether anesthesia. One week after ovariectomy, the rats were randomly divided 
into 2 1 groups of 9 animals (day 0) and treated orally with the selected drug from day 0 to 
day 28. On the day following the final dose, the rats were sacrificed and their femurs, 
uteri, blood and urine were collected. 

The dissected right femurs were weighed and their volumes were determined by 
Archimides' principle. The dry weights were determined after treatment of femurs at 
1 ICC for 5 days and the ash was weighed after treatment at 900°C for 5 hrs. Gross bone 
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density was calculated by dividing femur weight by volume and mineral content was 
estimated by dividing ash weight by dry weight. 

The left femurs were subjected for determinaiuon of trabecular density and polar 
strength using peripheral quantitative computed tomography (XCT-906A, Norland, NY). 
5 A 3-mm to 5.5-mm section distal to the growth plate of femur was analyzed. 

Pyridinium cross-links levels in urine samples were detemuned by Pyrilinks (Metra 
Bosystems Inc., CA) and adjusted by creatinine levels. 

Serum alkaline phosphatase levels were analyzed by ALP-HA (Wako, Osaka). 
Serum cholesterol levels were determined by HDL-CIL/PM (Wako pur chemicals, Osaka) 
10 and cholestest LDL (Daiichi pure chemicals, Tokyo). 

Results: 

All compounds prevented the loss of trabecular bone density of ovariectomized 
rats (Fig. 1). After 4 weeks treatment, the trabecular bone density of the ovariectomized 
rats was sigriiiicantly deceased in comparison with the sham-operated rat (p<0.01) and 

15 that of compound 92-, tamoxifen- or raloxifene-treated rats was significantly higher than 

that of ovariectomized rats (p<0.05). Urinary pjnidinium-cross-links levels, as a marker of 
absorption of bone, in the rats treated with antiestrogens were significamly lower than that 
in the ovariectomized rats, after 4 weeks treatment, suggesting the suppression of 
osteoclysis by estrogenic activity of compounds (Fig. 2). Serum levels of both total and 

20 bone-derived alkaline phosphatase of the rats treated with compound 92 were significantly 
higher than that of control rats (Fig. 3). 

Similar results are expeaed with structurally analogous compounds disclosed and 
claimed her&n. 



25 Example 43 

Tn Vivo Antitumor Testing Ag ainst MCF-7 Human Mammarv Tumor 
Vftnnpraft and Its Tamnxife n-Reststant Cell Line 
The antitumor activity of compounds 85 and 92 against tamoxifen-resistant human 
mammary carcinoma was evaluated as follows. 
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Compounds 85, 92, tamoxifen and raloxifene were suspended in 0.5% 
hydroxypropylmethyl-cellulose solution; faslodex was dissolved in arachis oil. MCF-7 
human mammary carcinoma cells and its tamoxifen-resistant subline, FST-1 cells, were 
used. Eight mm' fragments of tumor were subcutaneously inoculated into the right flank 
5 of female BALB/c (nu/nu) mice (Japan Clea Inc.). The pellet containing 500 ^ig/pellet of 
estradiol was used for estrogen supplementation. When tumors reached, a diameter of 6 to 
7 mm (two to three weeks after inoculation), mice were given compounds 85 (some 10 
mg/kg/day, some 30 mg/kg/day). 92 (doses of 1 mg/kg/day. 5 mg/kg/day, 25 mg/kg/day, 1 
mg/kg/day), tamoxifen (10 mg/kg/day) or raloxifene (50 mg/kg/day) daily for 3 to 4 
10 weeks, administered orally, or were given feslodex subcutaneously (5 mg/mouse/week), 
weekly, for 3 weeks. The size of tumors was recorded following palpation, using two 
perpendicular diameters. 

Results: 

With respect to the MCF-7 tumor, all compounds showed a significant growth- 
15 suppressive activity. Ten mg/kg/day of compound 85 and 25 mg/kg/day of compound 92 
showed the strongest growth inhibitory activity, followed by 5 mg/body of faslodex, 10 
mg/kg/day of tamoxifen, and 50 mg/kg/day of raloxifene. 

With the FST-1 tumor, no grov^^h suppression was observed with tamoxifen, 
indicating that FST-1 maintained its tamoxifen resistance. Ten mg/kg/day of compound 
20 85 and 25 mg/kg/day of compound 92 showed a significant growth suppressive artivity 
against the FST tumor. Complete suppression of tumor growth was in fact achieved with 
compound 92. In this system, 50 mg/kg/day of raloxifene failed to show growth- 
suppressive activity and faslodex was found to be less effective than compound 85. 

25 Examplg 44 

Evaluation oF Compounds of t he Invention to Treat Women 
.Snffferinp frnm Dvsfimctional Uterine Bleeding 
At least five women are selected for the clinical study. The women suffer from 
dysfunctional uterine bleeding. Because of the idiosyncratic and subjective nature of these 
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symptoms, the study has a placebo control group, i.e., the women are divided into two 
groups, one of which receives a compound of the invention such as compound 85 or 92, 
and the other of which receives a placebo. The patients are evaluated as to the character 
of their dysfunctional uterine bleeding (blood loss, timing, etc.) prior to the study's 
5 initiation. Evaluations may also include uterine biopsy "estrogenicity scores" by 

histological assessment, and ultrasonic, radio imaging. NMR, or CAT scan evaluations of 
endometrial thickness, Women in the test group receive between 30-600 mg of the drug 
per day by the oral route. They continue tlus therapy for 3-12 months. Accurate records 
are kept as to the status of their dysfunctional uterine bleeding in both groups and at the 
10 end of the study these results are compared. The results are compared both between 
members of each group and also the results for each patient are compajred to the 
^rmptoms reported by each patient before the study began. Utility of the compounds of 
the invention is illustrated by the therapeutic effect th^ have on the patients' dysfunctional 
uterine bleeding. 

15 

Example 45 

F.valiiation of the Compounds of the Invention to Inhibit 
Fstropen-Depe ndent CNS Disorders in Postmenopausal Women 
Five to fifty women are selected for the clinical study. The women are post- 
20 menopausal, i.e., have ceased menstruating for between 6 and 12 months prior to the 

study's initiation, are in good general health, and suffer from a CNS disorder, i.e., anxiety, 
depresnon, mood swings, tenaon, irritability, motivational defects, memory loss or a 
cognitive disorder. Because of the idiosyncratic and subjective nature of these disorders, 
the study has a placebo control group, i.e., the women are divided into two groups, one of 
25 which receives a compound of the invention such as compound 85 or 92, and the other of 
which receives a placebo. Women in the test group receive between 30-600 mg of the 
drug per day by the oral route. They continue this therapy for 3-12 months. Accurate 
records are kept as to the number and severity of the CNS disorders in both groups and at 
the end of the study these results are compared. Utility of the compounds of the invention 
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is demonstrated by the therapeutic effect they have on patients suffering from CNS 
disorders as may be evaluated using this procedure. 

Example 46 

Evaluation of the Compounds of the Invention to Tnhihit 
Estrogen-Dependent Skin and Vaginal Atrophy in Postmenopausal Women 
Inhibition of Skin Atrophy: Three to twenty women, who are postmenopausal and 
in good health, are selected. The women are also selected on the basis of their presenting 
several signs of rapid dermal atrophy, such as a rapid increase in the number of facial 
wrinkles or crow's feet, rapid change in the pigmentation of the skin, i.e. "age spots", or 
other complaints of rapid dermal aging. As dermal atrophy may be the result of other 
factors such as UV damage from the sun or other environmental insults, such patients who 
are suffering from these effects would be excluded. 

The first component of the study is qualitative and subjective one, i.e., an 
evaluation of improvement in the patient's appearance. Such an evaluation requires an 
initial benchmark for future comparison. Some initial benchmarks might be in the form of 
a standardized set of questions as to how the patient -views her own appearance, 
photographs of the patient, or a psychological profile of the patient's self-image. The 
second component is quantitative; these include the measurement of urinary excretion of 
hydroxyproline, moisture content of the skin, glycosaminoglycans in the skin, and changes 
in resilience and pliability of the skin. Methods for determining these factors are found in 
"The Menopause", Ed. R.J. Beard, University Press, Chapter 7 (1977) and "Methods in 
Skin Research", Ed. Skerrow, D. and Skerrow, C.J. John Wiley & Sons Ltd., Chp. 22, 
"Analysis of Sebaceous Lipids", p. 587-608 (1985), and further references cited therein. 
Again, an initial benchmark of these quantitative factors is obtained. 

The women, thus selected and initially evaluated, are placed in a clinical protocol 
of receiving 40-400 mg of an active compound of this invention by oral administration 
either as a single or split dose. Alternatively, these patients are placed in a protocol for 
topical administration to areas of the skin most effected by the atrophy. This topical 
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protocol includes the use of a suitable formulation containing S-SO% (by wdght) of an 
active compound of this invention applied to the affected area once or twice a day. Either 
of these protocols continues two to twelve months. Subsequent evaluations, both 
quantitative and qualitative, are made at appropriate intervals. 

A positive result is an improvement in the overall qualitative index of the patient's 
appearance and/or an improvement in the quantitative parameters, e.g., an increase in the 
urinary excretion of hydroxyproline signifying an increase in turnover and synthesis of 
collagen, an increase in moisture content glycosaminoglycans, pliability, or resilience of 
the skin. 

Inhibition of Vaginal Atrophy: Three to twenty women suffering from vaginal 
atrophy associated with menopause are selected. These women are in general good 
health. Since the nature of this disorder is highly idiosyncratic and subjective, evaluation 
of the effectiveness of treatment is necessarily be subjective in nature. These patients are 
asked to keep a . daily log noting such details as vaginal itching and scaling and the degree 
of comfort in sexual intercourse. These women are placed on a clinical protocol sinular to 
that described above for atrophy of the skin. Particular emphasis is placed on the use of 
vaginal suppositories containing S-25% of an active compound of this invention. 

A positive result is an improvement in the comfort of sexual intercourse and/or a 
decrease in vaginal itching or scaling. 

Example 47 

Evaluation of the Compounds of the Invention to Tnhfbit 
Estrogen-Dependent Pulmonary Hvpertensive Disease 
Five to fifty women are selected for the clinical study. The women suffer from a 
pulmonary hypertensive disease. Because of the idiosyncratic and subjective nature of 
these disorders, the study has a placebo control group, i.e., the women are divided into 
two groups, one of which receives a compound of the invention such zs compound 85 or 
92, and the other of which receives a placebo. Women in the test group receive between 
30-600 mg of the drug per day by the oral route. They continue this therapy for 3-12 
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months. Accurate records are kept as to the number and severity of the symptoms in both 
groups and at the end of the study these results are compared. The results are compared 
both between members of each group and also the results for each patient are compared to 
the symptoms reported by each patient before the study began. Utility of the compounds 
of the invention is illustrated by the po^tive impact they are expected to have on the 
patients evaluated using this procedure. 
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Claims: 



1. A compound having anti-estrogenic activity and reduced estrogenic activity, as 



determined by the degree of inhibition and degree of stimulation, respectivdy, of alkaline 
phosphatase activity in human Ishikawa cells. 

2. The compound of claim 1, having substantially no estrogenic activity. 

3. The compound of claim 1, having anti-estrogenic activity efR^ive to inhibit 
10'' M estradiol-stimulated alkaline phosphatase activity by at least 305^i, and estrogenic 
activity of less than about 5% relative to the stimulation of alkaline phosphatase acti^aty. 

4. The compound of cisum 1, having a l,3,S-estratriene nucleus. 

5. The compound of claim 2, having a 1,3,5-estratriene nucleus. 

6. The compound of claim 4, wherein the 1,3,5-estratriene is 17 -desoxy. 

7. The compound of claim 5, wherein the 1,3,5-estratriene is 17-desoxy. 

8. A 17-desoxy-l,3,5-estratriene containing the molecular moiety 



at either the CI 1 or C- 17 position of the estratriene nucleus, wherrin: 
m is an integer in the range of 0 to 6; 

R^' is hydrocarbyl including at least one oxygen atom, sulfur atom, and/or nit: 
atom in the form of an -0-, -S-, -NH- or -N(alkyl)- linkage, and optionally including 
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additional substituents selected from the group consisting of hydroxy 1, oxo, alkoxy, amino, 
substituted amino, halogeno, aryi, heteroaryl and heterocycioalkyl; and 
is hydrogen or alkyl, or, 
when m is 0, R^' and R^ may be linked to form a five-or six-membered cyclic 
moiety which may or may not be aromatic, contuning 0 to 3 heteroatoms selected from 
the group consisting of N, O and S, and substituted with 0 to 4 substituents selected from 
the group consisting of alkyl, alkenyl, alkynyl and alkoxy. 

9. A 17-desoxy-l,3,5-estratriene containing the molecular moiety 



m is an integer in the range of 0 to 6; 
p is an imeger in the range of 0 to 6; 

R^ and R'* are independently hydrogen, lower alkyl, or halogenated lower alkyl, 
or are linked together to form a heterocycioalkyl ring; and 

L is a five- or six-membered cyclic moiety that may or may not be aromatic, 
optionally containing 1 to 4 heteroatoms selected fi-om the group consisting of N, O and S 
and combinations thereof and optionally substituted with one or more substituents 
selected from the group consisting of alkyl, alkenyl, alkoxy, halogenated alkyl^ alkenyl, 
and alkoxy, carboxyl, hydroxy, amino, nitro, cyano, and halogen. 

10. A 17-desoxy-l,3,5-estratriene containing the molecular moiety 




.29 



.30 



at either the C- 11 or C- 17 position of the estratriene nucleus, wherein: 
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at dther the C-1 1 or C»17 position of the estratriene nucleus, wherein: 
m is an integer in the range of 0 to 6; 
p is an integer in the range of 0 to 6; 

and are lower alkyl or are linked together to form a heteroc^cloalkyl ring; 

and 

Q\ and Q* are independently selected from the group consisting of 

hydrogen, hydroxyl, caihoxy]^ alkoxy, alkyl, halogen, amino, and jilkyl-substituted amino. 

11. A 17-desoxy-l,3,S-estratriene containing the molecular moiety 



at the C-17 position of the estratriene nucleus, wherdn: 
m is an integer in the range of 0 to 6; 

R^' is hydrocarbyl including at least one oxygen atom, sulfur atom, and/or nitrogen 
atom in the form of an -0-, -S-, -NH- or -N(alkyl)- linkage, and optionally including 
additional substituents selected firom the group consisting of hydroxy], oxo, alkoTQr, amino, 
substituted amino, halogeno, aryl, heteroaryl and heterocycloalkyl; and 

R" is hydrogen or alkyl, or, 

when m is 0, R^' and R^ may be linked to form a five-or six-membered cyclic 
moiety which may or may not be aromatic, containing O.to 3 heteroatoms selected from 
the group consisting of N, O and S, and substituted with 0 to 4 substituents selected from 
the group consisting of alkyl, alkenyl, alkynyl and alkoxy. 

12. A 17-desoxy-l,3,5-estratriene containing the molecular moiety 




(CH2)„-0-L-(CH2)^-N,^3„ 



at the C-17 position of the estratriene nucleus, wherein: 
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m is an integer in the range of 0 to 6; 
p is an integer in the range of 0 to 6; 

and are independently hydrogen, lower alkyl, or halogenated lower alkyl. 



L is a five- or six-membered cyclic moiety that may or may not be aromatic, 
optionally containing 1 to 4 heteroatoms selected firom the group consisting of O and S 
and combinations thereof, and optionally substituted with one or more substituents 
selected fi-om the group consisting of alkyl, alkenyl, alkoxy, halogenated alkyl, alkenyl, 
and alkoxy, carboxyl, hydroxy, amino, nitro, cyano, and halogen. 

13. A 1 7-desoxy- 1 ,3, 5-estratriene containing the molecular moiety 



at the C-17 position of the estratriene nucleus, wherdn: 

m is an integer in the range of 0 to 6; 

p is an integer in the range of 0 to 6; 

and R'* are lower alkyl or are linked together to form a five- or six-membered 
heterocycloalkyl ring; and 

Q*» Q', and Q* are independently selected fi-om the group consisting of 
hydrogen, hydroxyl, carboxyl, alkoxy, alkyl, halogen, amino, and alkyl-substituted amino. 



or are linked together to form a heteroc^cloall^l ring; and 



/•\=/v 




14. A compound having the structure of Formula (I) 
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0) 

5 




wherein: 

10 R is selected from the group consisting of C and N, and, when R is C, is in either 

the E or Z configuration; 

rl and r2 are optional double bonds; 

X is hydrocarbyl including at least one oxygen atom, sulfur atom, and/or nitrogen 
atom in the form of an -0-, -S-, -NH- or -N(a!kyl)- linkage, and optionally substituted 
15 with one or more substituents selected from the group consisting of hydroxyl, oxo, alkoxy. 
amino, alkyl-substituted amino, halogeno, aryl, heteroaryl and heterocycloalkyl, 

X' is hydrogen or hydrocarbyl including at least one oxygen atom, sulfur atom, 
and/or nitrogen atom in the form of an -0-, -S-, -NH- or -N(alkyl)- linkage, optionally 
substituted as for X, or 
20 X and X' are linked to form a heterocycle containing one to four heteroatoms 

selected from the group consisting of nitrogen, oxygen and sulfur; 

when r2 is present, R' is CR"R", wherein R" and R" are hydrogen or lower alkyl, 
and when r2 is absent, R* is hydrogen, alkyl or halogen; 

R^ is selected from the group consisting of hydrogen, hydroxyl, alkyl, alkenyl, aiyl, 
25 alkaiyl, -ONO^, -OR" and -SR" wherein R" is alkyl, acyl or aryl; 

R' is selected from the group consisting of hydrogen, hydroxyl. alkyl. alkenyl. aryl, 
alkaiyl, cyano. -OR" and -SR" wherein R" is as defined previously; 

R* is hydrogen or lower alkyl; 
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R' is selected from the group consisting of hydrogen, lower alkoxy, halogen, 
cyano, -CH2CH=CH2, -CHO, -NR'*R" and -(CH2)NR"R" wherein R" and R" may be 
the same or different and are either hydrogen or alkyl, or together form a five- or six- 
membered cycloall^l group optionally cont^ning an additional nitrogen heteroatom; 
5 R* is selected from the group consisting of hydrogen, alkyl, acyl, -C(0)-aryl, 

-C(0)-alkyl and -SOjNHj; 

R' is selected from the group consisting of hydrogen, halogen, -NO^, -CHO, 
-CHjCH-CHj, -NR**R" and -(CHj)NR'*R" wherein R" and R" may be the same or 
different and are either hydrogen, alkyl or acetyl; 
10 R" is selected from the group consisting of hydrogen, hydroxyl, -OR" and -SR" 

wherein R" is lower alkyl, lower acyl or aryl; 

R* is hydrogen or alkyl, with the proviso that when R is N, R' is not present; and 

R" is methyl or ethyl, 

or a pharmaceutically acceptable salt or ester thereof 

15 

15. The compound of claim 14, having the formula (la) 




25 wherein: 

m is an integer in the range of 0 to 6 inclusive; 
p is an integer in the range of 0 to 6 inclusive; and 

R^ and R'" are independently hydrogen, lower alkyl or halogenated lower alkyl, or 
are linked together to form a five- or six-membered heterocycloalkyl ring; and 
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L is a five- or six-membered cyclic moiety that may or may not be aromatic, 
optionally containing 1 to 4 heteroatoms selected from the group consisting of N, O and S 
and combinations thereof, and optionally substituted with one or more substttuents 
selected from the group consisting of alkyl, alkenyl, alkoxy, halogenated alkyl, alkenyl, 
5 and alkoxy, carboxyl, hydroxy, amino, nitro, cyano, and halogen. 



16. The compound of claim 15, having the structural formula (lb) 




15 

wherdn R'* and R*** are lower alkyl or are linked together to form a five- or six-membered 
heterocycloalkyl ring, and Q\ Q*, and Q* are independently selected from the group 
consisting of hydrogen, hydroxyl, carboxyl, alkoxy, alkyl, halogen, amino, and alkyl- 
substituted amino. 



20 

17. A compound having the structure of formula (II) 
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wherein: 

R is seleaed from the group consisting of C and N, and, when R is C, is in either 
the £ or Z configuration; 

rl and r2 are optional double bonds; 
5 X is hydrocarbyl including at least one oxygen atom, sulfur atom, and/or nitrogen 

atom in the form of an -0-. -S-, -NH- or -N(allcyl)- linkage, and optionally substituted 
with one or more substituents selected from the group consisting of hydroxyl, oxo, alkoxy, 
amino, alkyl-substituted amino, halogeno, aryl, heteroaryl and heterocycloalkyi, 

is hydrogen or hydrocarbyl including at least one oxygen atom, sulfur atom, 
10 and/or nitrogen atom in the form of an -0-. -S-, -NH- or -N(alkyl> linkage, optionaHy 
substituted as for X or 

X and X are linked to form a heterocycle containing one to four heteroatoms 
selected from the group consisting of nitrogen, oxygen and sulfur; 

when r2 is present, R' is CR"R", wherein R" and R" are hydrogen or lower alkyi, 
15 and when r2 is absent, R' is hydrogen, alkyl or halogen; 

R' is selected from the group consisting of hydrogen, hydroxyl, alkyl, alkenyl, aryl, 
alkaryl, cyano, -OR" and -SR" wherein R*' is as defined previously; 
R* is hydrogen or lower alkyl; 

R' is selected from the group consisting of hydrogen, lower alkoxy, halogen, 
20 cyano, -CHaCH=CHj, -CHO, -NR"R" and -(CHj)NR'*R" wherein R'* and R" may be 
the same or different and are either hydrogen or alkyl, or together form a five- or sfac- 
membered cycloalkyl group optionally contuning an additional nitrogen heteroatom; 

R' is selected from the group consisting of hydrogen, alkyl, acyl, -C(0)-aryl, 
-C(0)-alkyl and -SOjNHi; 
25 R' is selected from the group consisting of hydrogen, halogen, -NO^, -CHO, 

-CH2CH=CH2, -NR"R" and -(CH2)NR**R" wherein R'* and R" may be the same or 
different and are either hydrogen, alkyl or acetyl; 

R* is selected from the group consisting of hydrogen, hydroxyl, -OR'* and -SR'" 
wherein R" is lower alkyl, lower acyl or aryl; 
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R' is hydrogen or alkyl, with the proviso that when R is N, R' is not present; 
R** is methyl or ethyl; and 

R" and R^ are independently selected from the group consisting of hydrogen, 
hydroxyl, lower alkyl, lower alkenyl, lower alkynyl, lower alkoxy, and halogen, or R*' and 
5 R" together form =0, 

or a pharmaceutically acceptable salt or ester thereof 

18. The compound of claim 17, having the structure of formula (Ha) 

10 (CH2)„,i-O-L-(CH2)^N,^30 



(Ha) 



15 




wherein: 

m is an integer in the range of 0 to 6 inclusive; 
20 p is an integer in the range of 0 to 6 inclusive; and 

R** and are independently hydrogen, lower alkyl orJialogenated lower alkyl, or 
are linked together to form a heterocydoalkyl ring; and 

L is a five- or six-membered cyclic moiety that may or may not be aromatic, 
optionally containing 1 to 4 heteroatoms selected from the group consisting of N. O and S 
25 and combinations thereof, and optionally substituted with one or more substituents 

selected from the group consisting of alkyl, alkenyl. alkoxy. halogenated alkyl. alkenyl. 
and alkoxy, carboxyl, hydroxy, amino, nitro, cyano, and halogen. 
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19. The compound of claim 18, having the structure of formula (lib) 



(Hb) 




wherein and are lower alkyl or linked together to form a five- or six-membered 
heterocycloalkyl ring, and Q*, Q^, and Q* are independently selected from the group 
consisting of hydrogen, hydroxyl, carboxyl, alkoxy, alkyl, halogen, amino, and alkyl- 
substituted amino. 

20. A compound having the structure of formula (JJJ) 




wherein: 

m is an integer in the range of 0 to 6 inclusive; 
n is 0 or 1; 
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r2 is an optional double bond, and when r2 is present, R' is CR"R", wherein R" 
and R" are hydrogen or lower alkyl, and when r2 is absent, R' is hydrogoi, allgrl or 
halogen; 

R'is selected from the group consisting of hydrogen, hydroxyl,. ali^l, alkenyl, aryl, 
alkaryi, -ONOj, -OR" and -SR" wherein R" is alkyl, acyl or aryl; 

R^ is selected from the group con^sting of hydrogen, hydroxyl, alkyl, alkenyl, aryl, 
alkaryi, cyano, -OR" and -SR" wherein is as defined previously; 

R* is hydrogen or lower all^l; 

R' is selected from the group consisting of hydrogen, lower alk oxy, halogen, 
cyano, -CH2CH=CHj, -CHO. -NR'*R" and -(CH2)lNrR"R" wherein R" and R" may be 
the same or different and are either hydrogen or alkyl, or together form a five- or six- 
membered cycloalkyl group optionally containing an additional nitrogen heteroatom; 

R* is selected from the group consisting of hydrogen, alkyl, acyl, -C(0)-aiyl, 
-C(0)-alkyl and -SO2NH2; 

R' is selected from the group consisting of hydrogen, halogen, -NOj, -CHO, 
-CH2CH=CHj, -NR'*R" and -(CH2)NR"R" wherein R" and R" may be the same or 
different and are either hydrogen, alkyl or acetyl; 

R* is selected from the group consisting of hydrogen, hydroxyl, -OR" and -SR" 
wherein R" is lower alkyl, lower acyl or aryl; 

R'° is methyl or ethyl; 

R^* is hydrpcarbyl including at least one oxygen atom, sulfur atom, and/or nitrogen 
atom in the form of an -0-, -S-, -NH- or -N(alkyl)- linkage, and optionally including 
additional substituents selected from the group consisting of hydroxyl, 0x0, alkoxy, amino, 
substituted amino, halogeno, aryl, heteroaryl and heterocycloalkyi; 

R^ is hydrogen or alkyl, or, when m is 0, R" and R" may be linked to form a five- 
or six-membered cyclic moiety which may or may not be aromatic, containing 0 to 3 
heteroatoms selected from the group consisting of N, O and S, and substituted with 0 to 4 
substituents selected from the group consisting of alkyl, alkenyl, alkynyl, alkoxy. 
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-C(0)-allcyl. -C(0)-0-alkyl, -0-(CO)-alkyl, -C(0)-aiyI, hydroxyl, carboxyl, halogen, 
nitrile, nitrate and fluorinated alkyl; 

R'^ is hydrogen or lower alkyl; and 

and R^' are both hydrogen or are both methylene bound to each other through 
a single covalent bond, 

or a pharmaceutically acceptable salt or ester thereof. 

21 . The compound of claim 20, having the structure of formula (Ilia) 



(nia) 




wherein: 

R^ and R^** are independently hydrogen, lower alkyl or halogenated lower alkyl, or 
are linked together to form a heterocydoalkyl ring; and 

L is a five- or ax-membered cyclic moiety that may or may not be aromatic, 
optionally containing 1 to 4 heteroatoms selected from the group consisting of N, O and S 
and combinations thereof, and optionally substituted with one or more substituents 
selected from the group consisting of sdkyl, alkenyl, alkoxy, halogenated alkyl, alkenyl, 
and alkoxy, carboxyl, hydroxy, amino, nitro, cyano, and halogen. 
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22. The compound of claim 21, having the structure of formula (Illb) 



(mb) 




>23 



.(CH2)sr-0' 




HO' 



wherein and are lower alky I or are linked together to form a five- or six-membered 
heterocyclic ring, and Q\ Q^ and are independently selected from the group 
consisting of hydrogen, hydroxyl, carboxyl, alkoxy, alkyi, halogen, amino, and alkyl- 
substituted anuno. 

23. A method for treating an individual with an estrogen-dependent disorder, 
comprising administering to the individual a therapeutically effective amount of the 
compound of claim 1 . 

24. The method of claim 23, wherein the estrogen-dependent disorder is breast 

cancer. 

25. The method of claim 23, wherein the estrogen-dependent disorder is uterine 

cancer. 

26. A method for treating an individual with an non-estrogen dependent cancer, 
comprising administering to the individual a therapeutically effective amount of the - 
compound of claim I . 
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27. The method of claim 26, wherein the cancer is multiple drug-resistant. 

28. A method for increasing bone mass in the body of a mammalian individual, 
comprising administering to the individual an effective bone mass increasing amount of the 
compound of claim 1. 

29. A method for inhibiting bone loss in the body of a mammalian individual, 
comprising administering to the individual an effective bone loss inhibiting amount of the 
compound of claim 1. 

30. A method for lowering serum cholesterol in the body of a mammalian 
individual, comprising administering to the individual an effective serum cholesterol 
lowering amount of the compound of claim 1. 

31. A method for inhibiting a pulmonary hypertensive disease, comprising 
administering to an individual in need of such treatment a therapeutically effective amount 
of the compound of claim I . 

32. A method for inhibiting skin atrophy, comprising prophylactically 
administering to a postmenopausal female individual an ^ective amount of the compound 
of claim 1. 

33. A method for inhibiting vaginal atrophy, comprising prophylactically 
administering to a postmenopausal female individual an effective amount of the compo>md 
of claim I. 

34. A method for inhibiting an estrogen-dependent CNS disorder, comprising 
prophylactically administering to a postmenopausal female individual an effective amount 
of the compound of claim 1. 
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35. A method for treating osteoporosis in the body of a mammalian individual, 
comprising administering to the individual a therapeutically effective junount of the 
compound of cl^m 1. 



5 36. A method for inhibiting a CNS disorder in a postmenopausal human female, 

comprising administering to the individual a therapeutically effective aimount of the 
compound of claim 1. 

37. A method for treating an individual with an estrogen-dependent disorder, 
10 comprising administering to the individual a therapeutically effective amount of a 
compound having the structural formula 



15 




38. A method for treating an individual with an estrogen-dependent disorder, 
20 comprising administering to the individual a therapoitically effective amount of a 
compound having the structural fonnula 



25 




NNHj 
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39. An improved method for transdermally administering a steroid drug having a 
1,3,5-estratnene nucleus so that effective blood levels thereof are obtained, the 
improvement comprising (a) providing the drug in the form of an 1 1-nitrato derivative; 
and (b) delivering the drug to the skin or mucosal tissue in a composition which does not 

5 contain a skin permeation enhancer. 

40. A method for ^thesizing Ta-methylestrone, comprising contacting an acidic 
solution of 7a-methylandrost-4-ene-3,17-dione with CuClj . 



10 



41 . A pharmaceutical composition for administering an anti-estrogenic agent, 
comprising a therapeutically effective amount of the compound of claim I in combination 
with a pharmaceutically acceptable carrier. 
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